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INTRODUCTION 

Application of cation exchange softening as pre- 
treatment is applicable where calcium must be 
removed from feed water to prevent gypsum scaling 
in a desalting unit or other device such as a wet 
cooling tower in which there is a concentrated 
waste stream. A high removal efficiency for calcium 
is particularly necessary when calcium and sulfate 
are major ions in’ the feed water and a high 
desalting recovery (ratio of product flow to feed 
flow) is required. These two conditions often occur 
in the desalting of inland brackish waters where 
environmentally acceptable disposal of a reject 
brine is necessary. 

Disposal of reject brine-usually in evaporation 
ponds or by injecting into deep wells-can be one 
of the most expensive features of a desalting 
project. Thus, high recovery is a determinant in 
minimizing the reject brine flow and the cost of 
brine disposal. TheYDP(Yuma Desalting Plant)will 
be rather unique compared to other inland desalting 
applications in that the reject brine from the YDP 
will be conveyed by canal for disposal to the Gulf of 
California. Higher recovery in the YDP would be 
used solely to achieve a higher yield of product 
water. There is no brine disposal cost factor for high 
recovery at the YDP. 

This final report describes the background, experi- 
mental methodology, results, recommendations 
and conclusions of a pilot plant study of cation 
exchange pretreatment to desalting at the YDTF 
(Yuma Desalting Test Facility) in 1978-79. This 
report consolidates an analysis of data contained in 
monthly and weekly reports from the YDTF in the 

time period of March 1978 through September 
1979 (plus November 1979 monthly) published by 
the site contractor, PRC (Planning Research Cor- 
poration). A requirement of the cation exchange 
softener operation was that the desalting reject 
brine should provide the sole source of cation 
exchange regenerant chemical at process equi- 
librium conditions. Some 50 different operating 
conditions for exchange cycles were run. Data 
were analyzed in a way to better understand the 
phenomena occurring in this ion exchange process 
and to provide information for a high recovery 
feasibility design for the prototype YDP. 

Feed water to the ion exchanger was provided by a 
solids contact reactor and dual media gravity filters. 
High pH lime softening was required (for desalting 
by reverse osmosis but not by electrodialysis) to 
reduce silica concentrations below the levels 
achieved by other similar reactors in operation at 
the YDTF. Data and other information on the 
reactor and filters (Train IV, see subset. Pilot Plant 
Equipment) are contained in another report [l].l 

The Bureau of Reclamation desalting group of the 
Mechanical Branch, Division of Design, noted that 
testing of high recovery desalting would not be 
necessary. It wasstated that extrapolation of lower 
recovery desalting data from YDTF and manufac- 
turers’ data would be sufficient for a feasibility 
design of high recovery desalting. Thus, the high 
recovery tests program did not include experimental 
desalting requirements other than to provide reject 
brine for regeneration in cation exchange experi- 
ments. Incidental data for the electrodialyzer used 
to generate reject brine regenerant are in Appendix 
E-Electrodialyzer Operational Data. 

l Numbers in brackets refer to the Bibliography. 



SUMMARY 

Phase 1 - Exploratory Experiments 

Results of the initial exploratory experiments (Phase 
1) include the following: 

l-. After several serious mechanical and electri- 
cal equipment problems were solved, the cation 

’ exchanger and ED (electrodialysis) were operated 
successfully with closed loop regeneration in 
which desalting reject provided the sole cation 
exchange regenerant. This process included a 
successful system for recycling regenerant. 

2. Operablerangesfortheindependentvariables 
later used in Phase 2 were established. This 
included a high value of fresh regenerant (ED 
reject brine) concentrations df 50 g/LTDS (total 
dissolved solids) or about 95 percent desalting 
recovery with a feed water of lime-treated 
Wellton-Mohawk Project irrigation drainage 
water. 

3. Thespeciicresin capacity for calcium removal 
was about 20 percent less when the regeneraht 
was 26.7 g/LTDS ED reject brine than when the 
regenerant was 3.0 percent NaCl under the 
same operating conditions. 

4. A reliable accurate method, for automatically 
sensing calcium breakthrough of the cation 
exchange resin was not found. Periodicmanual 
operator titration was used in all remaining 
experiments to sense the termination of the 
service or exhaustion mode. 

5. Quite surprisingly, gypsum (CaS0,.2H,O) 
scaling did not occur in the resin bed during 
regeneration under a wide range of operating 
conditions. Rather, gypsum precipitation was 
properly confined to the regenerant recycling 
system. Numerous previous investigations of 
cation exchange softeners regenerated with 
high sulfate solutions (discussed in this report) 
had shown that special measures were neces- 
sary to control resin scaling by gypsum. Fall and 
winter temperatures were always cool and, 
thus, the impact of warmer temperatures on 
gypsum scaling rates had not been observed 
during Phase 1. 

Phase 2 - Response-surface Experiments 

A three-level, four-variable experimental design 
with 27 observations was run in Phase 2 to 

establish a response surface for the major de- 
pendent variable, the TIVRC (time-weighted resin 
capacity) and the control variables. Three additional 
screening runs using a feed water backwash rather 
than recycled regenerant, two additional runs 
using a lower calcium breakthrough point for 
service, andone run using SHMP (sodium hexmeta- 
phosphate) addition to the regenerant were com- 
pleted also in Phase 2. Unfortunately 2 of the 27 
response-surface observations resulted in outlying 
performance (high residuals in the statistical data 
analysis ) as a result of hurrying the experiments to 
meet program time constraints. Specifically, during 
thesetwo runs, insufficient numbersof conditioning 
cycles were allowed for chemical equilibrium in the 
recycled regenerant system to have been estab- 
lished, which required deletion of those two ob- 
servations from the data analysis. 

Gypsum scaling of the resin occurred during re- 
generation in many Phase 2 experiments with 
control variable levels similar to those in Phase 1 
when no scaling had been observed. It was estab- 
lished clearly in a limited bench scale experiment 
that temperature was an important uncontrolled 
independent variable and that higher midyear 
temperatures promoted this gypsum scalirtg. Perma- 
nent harm to resin properties was not detected 
from gypsum scaling, for the resin capacity had 
fully recovered after NaCl regeneration, 

During some screening experiments, advantage 
was not found in lowering the maximum allowed 
calcium breakthrough concentration as a means to 
increase resin capacity. Advantages for using re- 
cycled regenerant were demonstrated. Conversely, 
one of the three runs using feed water for backwash 
rather than recycled regenerant was the only cycle 
condition in Phase 2 that could not be operated 
closed loop (without added NaCl regenerant). 

Phase 3 - Additional Experiments 

Several test methods were performed in additional 
experiments (Phase 3) to control gypsum scaling of 
the resin that was observed during regeneration in 
Phase 2 during high regenerant temperatures. 
Successful methods included: 

l Filtration of gypsum crystallitesfrom recycled 
regenerant, 

l Higher regeneration flow rates (up to a limit), 
and 

l Addition of SHMP (a scale inhibitor) to the 
regenerants. 
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It was found that addition of SHMP is not necessary, 
however, if recycled regenerants and high regen- 
eration flow rates are used (24 L/min with 340 mm 
inside diameter, 0.1 m3 volume resin bed). The use 
of SHMP here would becostly in any case. Very 
poor cation exchange performance was observed 
when injection of air was tried to destratify the 
resin bed prior to regeneration. 

MultipI? Regression Analyses 

An analysis of the 25’ response-surface observa- 
tions showed that fresh regeneration flow rate, 
TDS concentration, and, the volume of recycled 
regenerant were the significant variables affecting 
lWRC. The TWRC is the specific cation exchange 
capacity ofthe resin for calcium in equivalents per 
liter divided by the total cycle time in minutes. 
TWRC is inversely proportional to the design resin 
requirement. An equation was developed relating 
TWRC with fresh regeneration flow rate, fresh 
regenerant TDS concentration, and recycled re- 
generant volume. 

An analysis of 28 observations that include Phases 
2 and 3 data shows that increasingly higher fresh 
regeneration flow rates improve performance up to 
some limit, which was not precisely defined. A 
statistical analysis of semiquantitative gypsum 
scaling intensities in the resin bed-based on 
visual observations noted in the operators’ log 
together with data from Phases 2 and 3-substan- 
tiated that gypsum scaling of the resin was pro- 
gressively more severe as regenerant concentration 
and temperature increased and regenerant flow 
rate decreased. However, this scaling intensity had 
zero correlation with TWRC, the most important IX 
performance parameter. Mitigation of scaling oc- 
curred when either the regenerant concentration 
or temperature were lowered or when the regen- 
erant flow rate was increased. 

The mean and standard deviations of TWRC in all 
the experiments were 1.23 f 0.27 meq/(L-min). A 
rather low (22 percent) relative standard deviation 
for all observations illustrates that TWRC is de- 
termined largely by the total exchange capacity of 
the cation exchange resin and the relative constant 
feed water composition during these experiments. 

Gypsum Settling Tests 

Limited experiments described in this report provide 
data for use in designing a regenerant recycling 
system. The gypsum settled at faster rates than 

was observed for calcium carbonate in lime soft- 
ening jar tests at the YDTF. 

Microbiological Growth 

High plugging factors were noted in ED feed water. 
Various analyses indicated that uncontrolled micro- 
biological growth was responsible for organic by- 
products in the water. Chlorine residual was not 
maintained in the IX(ion exchange) feed, IX product, 
ED feed, or IX regenerants. Chlorine was removed 
because of low tolerance of the IX resins to 
chlorine. Detrimental effects from this biological 
activity toward IX or ED .performance were not 
noted-other than minor clumping of IX resin 
beads caused by the microbiological by-products. 
However,- there could be a detrimental effect of 
microbiological products on RO (reverse osmosis) 
performance if RO were used as the desalting 
process. Resin manufacturers recommend storing 
resin in a strong (10 percent) NaCl solution and 
periodically flushing the resin bed with formalde- 
hyde solution when needed as a means of control- 
ling such microbiological growth. The IX product 
water fed to an RO also should be disinfected. 

Design Recommendations 

Based on the experimental results, a recom- 
mended set of operating conditions were devel- 
oped for cation exchange pretreatment systems 
for the YDP operated at high recovery. Important 
operating conditions provide for control of gypsum 
scaling of the cation exchange resin and maximum 
TWRC. These operating conditions include using 
high regeneration upflow rates producing about 
50-percent bed expansion and using recycled 
regenerant. Common gel-type cation exchange 
resin is recommended. Common piping for the IX 
feed and regenerant effluent would eliminate the 
possibility of gypsum scale accumulating in the 
regenerant effluent piping which results from the 
supersaturated calcium sulfate. With common 
piping, any small scale accumulation from the 
regenerant effluent becomes redissolved in the IX 
feed during each cycle. The use of SHMP as a 
scale inhibitor is not needed in RO feed water 
after IX pretreatment if advantage is taken of the 
low calcium leakage of the IX process; this would 
result in cost savings for SHMP of about $1 
million annually for the YDP. Further process 
improvements could result from using a packed 
bed during at least a portion of the regeneration 
rather than a fluidized bed and using higher 
exhaustion flow rates, but this would require 
further IX testing. 



Testing and demonstration of an IX bed with brine 
regeneration at Yuma should be modeled to 
obtain performance of a prototype system because 
of the importance of flow distribution in controlling 
gypsum scaling of the resin. Comparisons of RO 
and ED desalination should include the pretreat- 
ment advantage of ED that silica generally is not 
concentrated by ED and often does not require 
pretreatment removal prior to ED. In using lime 
softening, a lower lime dosage-when silica 
removal is not needed-yields a lower calcium 
concentration in the IXfeed resulting in a smaller, 
more effective IX system. 

Future refinement of this IXprocessshould include 
systematic studies of the effect of feed water 
composition and recovery. It would help define 

the feasibility of IX for different sites and appli- 
cations. Such studies should include the mech- 
anism of gypsum precipitation kinetics as a func- 
tion of temperature and its effect on the IX 
process. A computer program would be developed 
from such workwhich would yield the equipment 
capacity and recommended IX cycle conditions 
from an input of the feed water composition, feed 
water flow, and desalting recovery. 

Also, there is great potential that the use of cation 
exchange softening prior to RO can reduce the 
rate of colloidal membrane fouling through the 
stabilization of colloids in the RO feed water. A 
high level of softening retards colloid coagulation 
and membrane fouling which occurs during the 
RO desalting process. This area needs further 
research and practical demonstration. 



CONCLUSIONS 

Using cation exchange softening as a pretreatment 
for high recovery desalination with only the de- 
salting reject brine as the cation exchange re- 
generant has been demonstrated successfully for 
possible inclusion to the Yuma Desalting Plant. It 
is believedthat, in these experiments, temperature 
was demonstrated for the first time to be very 
important in the potential for gypsum scaling of 
the resin when using sulfate-containing brine 
regenerants. Scaling can be controlled-at least it 
was at theYuma Desalting Test Facility-by using 
high regeneration upflow rates and recycled re- 
generant volumes. However, when gypsum scaling 
did occur during less favorable operating con- 
ditions, the resin capacity did not seem to be 
affected by the scale, and any trace of gypsum 
scale was removed after several cycles using 
NaCl regenerant. Disinfecting the IX product and 

possibly the IX resin is recommended to avoid 
high plugging factors in the .desaking feed water 
caused by slime resulting from microbiological 
growth. 

Moreover, cation exchange softening could provide 
a very successful pretreatment system for the 
YDP with several process advantages over the 
major pretreatment alternative-lime-soda soften- 
ing. With cation exchange: 

l High cost of soda and importing it would be 
avoided, 

l Less sludge would be formed that requires 
disposal, and 

l Pretreatment system would be less sus- 
ceptible to possible upsets of the sludge 
blanket in the reactor-clarifier. 



BACKGROUND 

Existing Yuma Desalting Plant Design 

Construction of the YDP was authorized by 
Congress in Public Law 93-320 [2] to meet the 
requirements of a treaty signed by the United 
States of America and the Republic of Mexico [3]. 
The YDP will reduce the salinity from the WM 
(Wellton-Mohawk) Irrigation and Drainage District 
having a projected salinity of 3200 mg/L TDS 
(total dissolved solids) to provide Mexico with 
irrigation water of satisfactory quality from the 
Colorado River. Public Law 93-320 requires that 
the technology in the YDP be advanced but 
commercially available. 

Presently, theYDP is being designed for a product 
water capacity of 4.2 ma/s (96 000 000 gal/d). 
The nominal product water recovery will be about 
70 percent, which is based largely on economic 
analyses bythe desalting equipment suppliers. At 
design capacity, YDP will be capable of producing 
a product water salinity of 264 mg/LTDS or less. 
An 82-km-long bypass canal will convey reject 
brine (about 30 percent of the feed water) to the 
Gulf of California. In a competitive bid procedure- 
completed in October 1978-spiral wound RO 
(using cellulose acetate membranes) was the 
desalting process selected for YDP based on cost 
and performance. 

The purpose of testing at the YDTF [4] has been for 
providing data for the selection and design of the 
YDP pretreatment and desalting equipment [5]. 
Pretreatment testing at YDTF led to the selection 
of partial lime softening for YDP. Extensive testing 
of membrane desalting culminated in 1980 (after 
the present study) with the proof testing for final 
acceptance of prototype RO systems for the YDP. 
The expected average WM brine canal raw and 
lime-treated water compositions for the YDP 
(table 1) are similar but not identical to present 
water at the YDTF. (Note that the lime-treated 
water composition in Table 1 does not include the 
necessary addition of acid prior to desalting.) 

High Recovery Design Requirements 

In addition to authorizing the YDP, Public Law 
93-320 requires that measures for replacing the 
quantity of water wasted in the plant’s reject brine 
be identified and reported to Congress [2]. An 
engineering study [6] was done to indicate the 
most feasible methods of obtaining higher recov- 
eries while reducing the brine volume. This study 

indicated that the best approach for achieving 
higher recoveries would be to change the existing 
pretreatment and desalting plant design. To 
achieve 90 percent recovery at the same feed rate 
would require about 50 percent more membrane 
area through additional desalting equipment. 
Osmotic pressure of the brine limits the recovery 
of RO to about 90 percent or less for WM water at 
the upper limit of allowable pressure in the 
existing celluose acetate RO modules to about 
3100 kPa (450 lb/i+). Recoveries of greater than 
90 percent with RO would require the addition of 
a tail-end plant such as an evaporation brine 
concentrator or high-pressure RO with seawater- 
type membranes, which could significantly in- 
crease the project cost. Electrodialysis probably 
could be operated as a tail-end process at a 
recovery of 95 percent without much change in 
the standard type of hardware; however, energy 
costs would be high. Other desalting processes 
were considered and eliminated because they 
were either too costly or would be incompatible 
with the existing YDP design. 

The partial lime pretreatment system generally 
has provided satisfactory water quality at the 
YDTF for membrane desalting at recoveries up to 
about 80 percent. However, testing at recoveries 

Table 1. - Canal and lime-softened water 
compositions projected for the YDP 
for 70 percent recovery operation 

Canal *Pretreated 
Constituent water water 

mg/L mg/L 
Calcium 258 145 
Magnesium 90 85 
Sodium 739 739 
Potassium 
Strontium 2589 

9 
145 

Bicarbonate 385 19 
Chloride 870 870 
Sulfate 1011 1011 
Nitrate 1 1 
Phosphate <l <l 

Silica 25 23 
Iron <l <0.06 
Manganese 1 <o. 1 
PH 8.1 9.5 
TDS (ions 

summation) 3392 2904 
l After 200 mg/L lime dosage as go-percent calcium oxide 
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above 80 percent at YDTF generally resulted in 
accelerated performance degradation-usually 
attributable to gypsum scaling. (These prebid 
testing data are still considered proprietary by the 
desalting equipment suppliers.) This is a direct 
result of the inherent limitations in the chemistry 
of the partial lime softening process [7], which 
uses lime only to remove that portion of calcium 
related to temporary hardness (equivalent to 
bicarbonate present) but not the calcium related 
topermanenthardness. This amountsto less than 
half of the celcium in WM water (table 1). Soda 
ash can be added besides the lime to remove the 
permanent hardness [7]allowing further recovery 
before gypsum precipitation. Silica scaling of RO 
membranes would be expected also at high re- 
coveries. Thus, an improved pretreatment system 
to remove more calcium and silica would be 
needed for higher water recoveries in the YDP. 

High Recovery Pretreatment Selection 

Pretreatment selected for achieving high recovery 
would use the same lime-softening and clarification 
equipment as the 70-percent recovery plant. It 
would use additional lime to raise the pH to about 
10.2 to precipitate magnesium for silica reduction 

LIME 

followed by IX softening with strong acid cation 
exchange resin to remove additional calcium. A 
comparison between the existing system design 
and the possible higher recovery system is on 
figures 1 and 2. Major new equipment for high 
recovery would include the IX, additional desalting 
equipment, and tankage. As shown on figure 2, the 
IX process would use the desalting reject brine as 
the source of salt for regenerating the cation 
exchange resin and probably recycle this regen- 
erant. The use of imported NaCl chemical as 
regenerant would make IX pretreatment unfeasible 
because of the high chemical cost. 

Alternatively, conventional lime-soda softening also 
could provide the required pretreatment. Lime- 
soda softening would use essentially the same 
equipment as the existing partial lime softening. 
However, the chemical costs for soda ash would be 
great. Chemical costs with the IX process would be 
much less, but capital costs of IX would be high [6, 
81. Lime-soda softening was not tested at YDTF. 

Calculations were used to determine the maximum 
allowable levels of calcium ion and silica in the 
pretreated WM water for RO operation without 
scaling at high recoveries. Computer calculation [9] 

PARTIALLY 
SOFTENED 

I I 

PRODUCT 
CLARIFIER WATER MEMBRANE WATER (70%) 

RAW WATER 
’ FILTERS ’ DESALTING 

ia 

pH = 9.5 
I I 
4 

Ca CO, SLUDGE REJECT BRINE (30%) 

Figure 1 .-Existing Yuma Desalting Plant design. 

LIME 

RAW 

Ca CO, 
4 
SLUDGE 

CONTAINING Si 0, 

PARTIALLY 
SOFTENED 

WATER 
SOFTENED 

WATER p;t;;;T (90-95%) 
La 

AODITIONAL 
RECYCLE FRESH BRINE. DESALTING 

REGENERANT - REGENERANT * (5 - 10%) EQUIPMENT 
TANK TANK 

I SPENT REGENERANT BRINE 
Ca SO,.2H,O TO WASTE 

SLUDGE 

Figure P.-Possible modifications to YDP for achieving high recovery. 
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were used to estimate the maximum calcium 
concentration in WM water without the addition of 
SHMP scale inhibitor for equilibrium gypsum pre- 
cipitation in the RO brine. These results gave an 
upper limit of about 35 mg/L Ca+2 at go-percent 
desalting recovery and 17 mg/L Ca+2 at 95-percent 
recovery. The allowable maximum dissolved silica 
levels-assuming a 120 mg/L saturation concen- 
tration in the brine-are about 12 mg/L at 90- 
percent recovery and about 6 mg/L at 95-percent 
recovery. These do not account for concentration 
polarization that would additionally lower the above 
concentration limits by roughly 20-percent for the 
case of spiral-wound RO, but this 20-percent 
reduction can be offset by SHMP addition, which 
retards the rate of gypsum precipitation. Because 
ED does not concentrate SiO,, only the Ca+2 limit 
applies, and SiO, removal by the pretreatment for 
ED alone would be unnecessary, which is one 
obvious advantage of ED over RO. (This means that 
high lime softening for SiO, removal would not be 
necessary for ED pretreatment. Unfortunately, in 
the high recovery feasibility design there was an 
erroneous assu.mption that SiO removal would be 
necessary for both ED and Rd.) Strontium also 
would need to be removed in the pretreatment for 
recoveries above about 85 percent to avoid stron- 
tium sulfate scaling in RO and ED. Strontium re- 
moval is achieved readily in a cation exchange 
softener. 

There were no previous IX data for softening WM 
water prior to the present study. Experimental data 
have been collected from pilot plant IX testing of 
several other brackish waters with somewhat 
similar compositions to that of WM water for 
which successful IX softening was achieved [lo, 
11, 121. In each case, reject desalting brine was 
used as the IX regenerant. 

IX Process Considerations 

Certain basic differences in the cation exchange 
softening cycles have evolved between using 
desalting reject brine regeneration in high recovery 
desalting pretreatment applications (table 2) as 
comparedto usingthecommon NaCl regeneration. 
(Numerous sources of information on standard Na 
cyclesofteningareavailable[13,14,1 Ei].)Aspecial 
emphasisfor high recovery isplacedoneliminating 
anunnecessarywastageofwaterfromtheprocess, 
for not to do so results in an overall net loss in 
product water recovery for the combined pretreat- 
ment-desaltingsystem.Also, becausetheaverage 
amount of new regenerant available per cycle is 
fixed by the average amount of water produced 

duringexhaustionpercyclethatisconcentratedas 
reject by the desalting process, the regenerant is 
recycled to be used more than once. This recycling 
technique was first demonstrated on a pilot scale 
at the Firebaugh Facility of the Water Resources 
Division of the State of California [12]. 

Table 2. - Comparison between IX softening 
cycles, AfaCI regeneration and desatting 

reject brine regeneration. 

Mode Input output 
A. 
Nacl Regeneration Used in Standard Cation Exchange 
Softening 

Exhaustion 
Backwash 
Regeneration 

Feed water 
Feed water 
NaCl 

solution 

Product 
Waste 
Waste 

Drain 
Slow rinse 
Fast rinse 

B. 

Air vent 
Feed water 
Feed water 

Waste 
Waste 
Waste 

Regeneration with (Jesaking Reject Brine for High 
Recovery Pretreatment 

Exhaustion 
Drain 1 
Regeneration I 

Feed water Product 
Air vent Product 
Recycled Waste 

regenerant 
Regeneration 2 Recycled Used regenerant 

regenerant 
Regeneration 3 Fresh desalting Used regenerant 

brine 
Drain 2 Air vent 
Rinse (slow) Feed water 

Used regenerant 
Recycled 

(optional) 

An additional and most important change from 
usual NaCl regeneration is that to use desalting 
reject brine as the regenerant, regeneration is 
carried out upflow having different amounts of 
bed expansion and fluidization depending on the 
upflow velocity and water temperature. This is 
done because regenerant effluent nearly always 
is supersaturated with calcium sulfate to some 
extent-a consequence of the high amounts of 
calcium eluted from the cation exchange resin 
during regeneration and the high concentrations 
of sulfate in the desalting reject. It would probably 
by impossible to operate at all under similar 
conditions of calcium sulfate supersaturation if it 
were not for the fact that calcium sulfate pre- 
cipitation and scaling takes time to form [16]. 
Fortunately, using a sufficiently high regeneration 
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flow rate can cause the supersaturated spent 
regenerant to be removed from the column con- 
taining the cation exchange resin before scaling 
occurs there. The fluidized bed aids in removing 
any just-formed gypsum crystallites to be removed 
from the bed. 

Another advantage results from counterflow 
operation which is exhaustion and regeneration 
in opposite flow directions. Because the fully 
exhausted resin containing the highest concen- 
tration of absorbed calcium ion is at the top of the 
resin bed, when the breakthrough of calcium just 
occurs at the bottom of the bed, upflow regen- 
eration minimizes the average depth of bed 
through which the eluting calcium ions must 
pass. In turn, this minimizes the average contact 

time between the resin and the eluting regenerant 
supersaturated in calcium sulfate. Another ad- 
vantage of counterflow operation is that the initial 
leakage from the column during exhaustion con- 
sists of water in equilibrium with the most fully 
regenerated resin at the bottom of the bed, which 
results in lower calcium leakagethan with coflow 
operation-which is exhaustion and regeneration 
in the same flow direction. Poorer IX performance 
during downflow (coflow) reject brine regeneration 
as compared to during upflow(counterflow) regen- 
eration has been documented in several reports 
[lo, 171. A general discussion of this process in 
terms of ionic equilibria and conservation of Na+ 
by regenerant recycling is contained in Appendix 
I-How Does This Cation Exchange Softening 
Process Succeed? 



EXPERIMENTAL METHODOLOGY 

Pilot Plant Equipment 

TheYDTFexperimentaIequipmentfortheIXtests 
consisted of: 

n a solids contact reactor-clarifier and dual 
media filters for partial lime pretreatment, 

n the IX pilot plant, 

l an electrodialyzer, 

m a regenerant recycling system, and 

n various interconnecting water storage tanks, 
piping and pumps. 

Raw water (saline irrigation return flow) was 
pumped from the WM main conveyance channel 
into a grit basin. Primary chlorine (about Gmg/L 
dosage) was applied at the grit basin inlet. The 
grit basin (fig. 3) had a settling basin where the 

more coarse suspended material settled before 
the influent entered the lime-treatment system. 
At times, a trashrake, shown in figure 4, was 
used at the inlet from the canal to contain large 
floating weeds from the influent. 

The lime-treatment system consisted of a 3.0- 
meter-diameter solids contact reactor-clarifier (fig. 
5) called Train IV followed by a filter. This reactor 
was an internal sludge-recirculation type manu- 
factured by Eimco (Envirotech Corp.). Generally, it 
was operated using a 114-L/min throughput. 
Water from the grit basin was combined with lime 
slurry to maintain a pH of 10.4 in the reaction zone 
for silica removal, and 7.5 mg/L of Fe&SO,), was 
added presumably to improve process stability and 
clarification. The effluent was acidified to a pH of 
about 7.0with H,SO, prior to filtration by Filter 98. 
Filter media consisted of layers of anthracite coal, 
silica sand, and a grated gravel support. Further 
information on Train IVplus Filter 9B is available [l]. 

Most IX system components were located in an 
air-conditioned van. Tanks and some piping and 

Figure 3.-Grit basin. P801-D-80050 
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pumps were located outside (fig. 6). Layout drain- 
age (figs. 7, 8, 9) and a simplified flow schematic 
(fig. 10) show the interrelations with components. 
The IX pilot plant contained two transparent acrylic 
columns, 2.5 meters high and 0.34 meter inside 
diameter, each charged with about 0.10 cubic 
meters of Amberlite 200 macroreticular cation 
exchange resin (fig. 11). Resin bead size was 1 .18 
to 300 pm diameter (No. 16 to No. 50 U.S.A. 
Star,dard Sieve) and bed depth was about 1 meter. 
Most of the IX process was controlled by a micro- 
processor operating roughly 35 electric motor- 
activated valves (fig. 12) and 4 pumps (fig. 6). The 
length of each step or mode in an IX cycle was 
controlled by either time duration by micro- 
processor clock, volume of water throughput, or 
calcium breakthrough concentration in the ex- 
haustion effluent. Operators (on duty 24 hours per 
day) measured and adjusted flow rates, measured 
tank volumes, physjcally titrated samples of the IX 
exhaustion effluent to monitor for the calcium 
breakthrough concentration, made other readings 
and measurements, collected samples for the 

YDTF Chemical Laboratory, and recorded obser. 
vations on data sheets and in logs. 

The ED was lonics, Inc. Aquamite V model with 
Mark II stack containing two electrical stages and 
four hydraulic stages, 250 total cell pairs having 
polarity reversal, and a nominal feed capacity of 
38L/min. It was operated to achieve a range of 
TDS concentrations in the reject brine of 20 to 
5Og/‘L. An ED was selected in preference to an RO 
for experimental convenience. When the pilot 
plant equipment was ordered, selection of YDP 
desalting equipment from among the RO and ED 

Figure 4.-Canal intake trashrake. P801 -D-80049 
Figure 5.-Train IV solids contact reactor-clarifier 

P801 -D-80051 



processes had not been completed. Results of 
these IX experiments should have been substan- 
tially the same if an RO had been used instead of 
an ED unit. The high lime treatment using Train IV 
was used to provide low silica water to the IX-ED 
as would be required by an RO, even though this 
was not needed for the pilot plant ED. 

Experimental Procedures 

The following measurements were made during 
each cycle: 

l Volume of water throughput during each 
mode was determined from volumetric data 
obtained by measuring the cross-sectional 
area and the differential levels of water in the 
appropriate tank. Height of water in a tank 
was measured usually using a sight tube and 
a rule. 

Regenerant volumes usually were metered 
using tanks 1 or 2, which were filled auto- 
matically upon microprocessor command up 
to the preset height of an adjustable probe 
sensor from one of the larger regenerant 
storage tanks. 

Volumetricflow rateswere measured usually 
with Signet-brand, paddle-wheel-type flow- 
meters. The lowest regeneration flow rates (3 
L/min in 25-mm pipe) were tot low to give a 
response from these flowmeters and had to 
be measured manually using a lODO-milli- 
meter graduated cylinder and a stopwatch. 
Flowmeter readings were checked frequently 
with measured differential tank volumes and 
elapsed times. 

IX column effluent and ED product and brine 
conductivities were monitored continuously 
using inline sensors. 

Figure 6.-Tanks for ion exchange pilot plant. P801 -D-80052 
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During formal data collection cycles, indi- 
vidual samples were collected and analyzed 
for calcium, magnesium, and sodium. Com- 
positesamplesweremadeandanalyzedforall 
major anions and cations plus TDS by sum- 
mationofionsintheYDTFchemicaI1aborator-y 
using standard analytical methods. 

l Calcium and total hardness were monitored 
during IX operation by the operators using 
EDTA titrations to determine the IX calcium 
breakthrough point to terminate the exhaus- 
tion mode and to monitor water compositions 
in the process tanks. 

Desalting recovery was related to TDS concentra. 
tion (mg/L) in the reject brine by: 

c, - ce 
R= c, _ cp (1W (1) 

Figure 11 .-Acrylic column containing cation exchange resin. 
P801-D-80053 

where 
R = desalting recovery in percent, 

C,= TDS Concentration of reject brine (fresh 
IX regenerant), 

C, = TDS concentration of desalting feed (IX 
exhaustion effluent), and 

C, = TDS concentration of desalting product. 

Equation 1 can bederivedfromthemassbalancesof 
water and total dissolved solids and the definition 
of desalting recovery-product flow divided by feed 
flow. In the equation, usually a product salinity of 
427 mg/L and feed salinity of 3300 mg/L were 
assumed for daily operation of the ED and IX 
regeneration. The 3300 mg/L feed salinity cor- 
respondstoanaverageforthewateratYDTFduring 
the experiments. The 427-mg/L product salinity 
wasanestimateforROproductwaterintheYDPfor 
projected high recovery operating conditions. Dur- 
ing IX data reduction, recoveries were calculated 

h”-- - 

Figure 1 Z.-Motorized valves, control valves, and pipe rack. 
P801 -D-80054 
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fromsaIinitymeasurementsoftheEDfeed,product, 
and brine determined in the Chemistry Laboratory 
using the preceding equation, not from flow rate 
measurements - which generally are subject to 
greater error. Brine concentration was determined 
operationally by evaporation at 103 OC in the YDTF 
Chemistry Laboratory - usually daily - be- 
cause more than a week was required to obtain 
summation of ionsTDS data. There was consistent 
agreement betweenTDS by evaporation andTDS by 
summation of ions. Generally, the IX experiments 
were run at three different levels of ED brine 
concentration, which were established in the ex- 
ploratory experiments: 20, 35, and 50 g/L of TDS 
corresponding to calculated recoveries of 85.5, 
91.8, and 94.3 percent, respectively. 

For a closed loop process (no imported regeneration 
chemicals), the new regenerant volume available 
per cycle normally would be limited and equal to 
thevolume of ED reject brinegenerated per cycle- 
on the average. This fresh regenerant volume V, 
used was balanced with the volume theoretically 
made V,‘calculated from the IX exhaustion volume 
V, and the ED desalting recovery R (as a decimal 
fraction) calculated fromTDS concentrations using 
the expression V,’ = V, (1 - R). A trial and error 
approach toward a balance of volumes was neces- 
sary because the exhaustion volume V, is affected 
somewhat by the amount of regenerant being 
used. In each experimental run, an initial fresh 
regenerant volume V,was intuitively selected and 
used. After at least three similar IX cycles to obtain 
an equilibrium condition using this V,, a theoretical 
V,’ available was calculated and compared to V,. If 
the values of V, and V,’ did not agree within 10 
percent, a new V, was selected and the process 
repeated until approximate equality between V,and 
V,l was achieved. 

The limitation in fresh regenerant volume generated 
by the ED per IX cycle was overcome by recycling 
regenerant. The regenerant recycling system, con- 
sisting of tank 6 and tank 5 (fig. 13), functioned as 
follows: 

Regenerant effluent was pumped into tank 6. 
This used regenerant was probably always 
supersaturated in calcium sulfate from the 
fact that there were both high concentrations 
of sulfate in the desalting reject and high 
concentrations of eluted calcium in the used 
regenerant. 

l During the regeneration, a residual of gypsum 
crystals was maintained in suspension in 

Figure 13.~Regenerant recycling system consisting of tank 6 
(left) with agitator for calcium sulfate desupersatura- 
tion and storage tank 5 (right). P801 -D-80055 

tank 6 through the use of an agitator. This 
agitation was used to promote rapid desuper- 
saturation of the calcium sulfate. 

l At least an hour prior to the next use of 
recycled regenerant in the subsequent cycle, 
the agitator was turned off to allow the crystals 
to settle to the bottom of tank 6. (Some data 
on settling ratesforthese gypsum crystals are 
given in RESULTS-subsection Gypsum 
Settling Tests). 

l The clear supernatant from tank 6 was trans- 
ferred by gravity flow to tank 5 for temporary 
storage just before its use as recycled re- 
generant. 

l The effluent from tank 5 was filtered also just 
prior to use as regenerant during some of the 
later Phase 3 experiments. 
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l The gypsum solids in the bottom of tank 6 
needed to be drained out infrequently since 
their accumulation rate was small compared 
to the volume of tank 6. 

A free chlorine residual averaging 0.5 mg/L was 
maintained in the pretreatment system upthrough 
IX feed tanks 9 and 10. Chlorine was added to 
control biological growth in the system. The IX 
feed water was dechlorinated through injection of 
sodium sulfite solution just before entering the IX 
to protect the cation exchange resin from gradual 
oxidative attack. Also, dechlorination prevented 
any chlorine from subsequently attacking the ED 
membranes downstream which were sensitive to 
chlorine. However, dechlorination did allow some 
biological microfouling to develop in the resin and 
in ED feed water, which yielded a high plugging 
factor, as discussed in the RESULTS of this report. 

Independent Variables 

During development of the test program, four 
experimental independent (control variables) were 
selected as being probably the most important. 
They were: 

l Fresh regenerant concentration, 

l Fresh regenerant flow rate, 

l Recycled regenerant flow rate, and 

l Recycled regenerant volume. 

The fresh regenerant concentration determines a 
desalting recovery for a particular pair of feed and 
product concentrations and the fresh regenerant 
volume(as just discussed). Thus, desalting recovery 
and fresh regenerant volume are not independent 
variables. The effects of other variables such as 
resin bed height and exhaustion flow rate can be 
predicted from resin manufacturers’ data [18, 191 
and books on IX design [13, 14, 151. This is not the 
case for the four experimental independent varia- 
bles listed above. 

Calcium breakthrough concentration for exhaus- 
tion was fixed also by the fresh regenerant (ED 
reject brine) concentration. Thebreakthrough con- 
centration was calculated [9] as the calcium con- 
centration where calcium sulfate saturation would 
be reached in the ED reject brine at a given 
desalting recovery. The average calcium leakage 
(concentration in the IX exhaustion effluent) during 
the entire exhaustion always was lessthan a third 

of the calcium breakthrough concentration. Thus, 
the feed to the ED was always conservatively far 
below the value which would actually yield any 
calcium sulfate precipitation in the brine. Addi- 
tionally, two special experiments were run in 
Phase 2 using lower calcium breakthrough con- 
centrations than the corresponding calculated 
calcium sulfate saturation value. 

Normally, temperature is a relatively less important 
variable in cation exchange softening. Usually, it 
only significantly affects-in predictable ways- 
the amount of bed expansion during backwash 
and the hydraulic pressure drop through the resin 
bed. Temperature, has never been reported to 
have an important effect in any of the previous 
mentioned studies using reject brine regeneration. 
Likewise, temperature was not perceived to be 
important as a result of the exploratory experiments 
run at YDTF in late 1978 during cool ambient and 
watertemperatures. But, duringthesecondexperi- 
mental phase in latespring of 1979, asthe ambient 
temperatures near Yuma increased, it was found 
that gypsum scaling of the resin occurred whenever 
there was a combination of high regenerant con- 
centration, a low regeneration flow rate, and high 
water temperatures. The temperature variable 
(largely uncontrolled in these experiments) is dis- 
cussed extensively in the RESULTS. 

The effect of several other discrete control variables 
were studied. They included: 

l Type of backwash water (lime-pretreated 
water versus recycled regenerant), 

l Addition of SHMP to the regenerants to 
retard gypsum precipitation, 

l Filtration of recycled regenerant, and 

l Use of air injection to mix and destratify the 
IX bed between regeneration and service. 

Dependent Variables 

A major dependent or response variable isspecific 
resin capacity in eq/L, which is the number of 
equivalentsof ions absorbed per liter of resin in the 
exhaustion mode of an IX cycle. In the present IX 
process,theprimaryinterestistheabsorbedcaIcium 
ion. But for design purposes, the specific resin 
capacity indicates only a partial description of total 
resin use and requirements. When comparing dif- 
ferent IX cycle conditions, especially with different 
regeneration procedures or where the exhaustion 
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flowrateisavariable,thetotaIcycletimenecessary 
to accomplish the required softening is important 
also because the lower the cycle time, the more 
frequent is the completion of a cycle wherein the 
absorptive capacity of the resin is utilized. Thus, a 
different quantity (lWl?C time-weighted resin 
capacity) was defined as the specificresin capacity 
divided by total cycle duration. The amount of resin 
required in a plant design is inversely proportional 
to the TWRC.2 The TWRC was selected as the 
major dependent variable in the reduction of data 
and in the selection of recommended IX cycle 
conditions. 

Leakage or slippage of calcium (the average effluent 
concentration during exhaustion) is another de- 
pendent variable of interest in IX. But, since the 
calcium leakage in these experiments was always 
so much lower than the previously determined 
allowable leakage rates, only the calcium resin 
capacity or TWRC were of consequence as 
dependent variables in the data analyses. 

Experimental Design 

Experimentation was performed in three phases. 
The first was the exploratory phase that had five 
objectives: 

1. Tooperatethe IXand ED integrallyforthefirst 
time with regenerant recycling and to correct 
mechanical and operational problems in the 
system. 

2. To operate the IX using 1 O-percent NaCl solution 
as the regenerant to establish baseline perform- 
ance with which to compare performance 
using desalting reject brine as the regenerant. 

3. To evaluate different methods of terminating 
the exhaustion including: 

-automatically monitored effluent, 
-hardness, 

* The volume of working resin required in a plant design can be 
calculated from 

“resin = 
Qp cc,; - c&J 

lWRC 
where 

“resin = volume of ion exchange resin in L 

4 = steady-state IX plant capacity in L/min 

C.2; = IX influent calcium concentration in meq/L 
c = IX effluent calcium concentration in meq/L 
T&C = time-weighted resin capacity for calcium 

removal in meq/(L*min) 

-in-line effluent conductivity, 
-exhaustion duration, and 
-exhaustion volume, 

and to compare each of these methods to 
operators’ manual sampling and titrametric 
calcium analyses of the exhaustion effluent. 

4. To establish operating characteristics and their 
limits (particularly highest recovery) of the ED 
using IX-softened WM feed water. 

5. To establish limits of upper and lower values 
for the four control variables used in Phase 2 
experiments. 

Phase2 experiments(forfeasibilitydesignpurposes) 
were for the primary purpose of developing the 
response of the major dependent variable (TWRC) 
to the significant independent variables. 

A statistical design [20] was selected rather than 
the classical or unplanned approach because of 
several advantages for a planned statistical design, 
particularly for a multivariable study. Probably the 
most important benefit of a statistical design isthat 
more information is obtained per test run as 
compared to an unplanned approach, which is 
desirable because time, money, and manpower 
usually are limited. An organized statistical design 
approach results in data that is much easier to 
analyze and interpret (usually statistically). Another 
advantage is that the reliability of the data can be 
expressed in terms of experimental and analytical 
variation (or error), which gives more credibility to 
the results and conclusions. Finally, the interactions 
among multiple experimental variables are defined 
better, which allows more reliable predictions of 
the response variables in regimes .not covered 
directly by the experimental conditions. 

A Box-Behnken [20] experimental design was 
selected. The Box-Behnken design is efficient to 
obtain data for a statistical and multiple regression 
analyses. The analyses yield equations and graphs 
relating the dependent response variables with the 
independent control variables, which are useful in 
the design of an ion exchange process. 

For four independent variables the Box-Behnken 
design requires 27 observations or test runs in- . 
eluding three midpomt replicates. For each obser- 
vation, each of four independent variables was 
assigned one of three levels (a low, high, or a 
midpoint that is a mean of the low and high values) 
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according to the sequence dictated by the experi- 
mental design. The pattern for this design is in table 
3 [20]. The order of performing each observation 
was established randomly except for the following 
constraint. Observations were ordered into six 
groups during which brine concentration was kept 

Table 3 - Four variable Box-Behnken - 
three blocks of nine points 

Xl x2 x3 x4 

Block 1 
+1 
+l 
-1 
-1 

: 

0” 
0 

( Block 2 
+1 
+1 
-1 
-1 

0 
0 

: 
0 

Block 3 
+1 
+1 
-1 
-1 

0 

ii 
0 
0 

+l 
-1 
+l 
-1 

: 
0 

: 

0 
0 

: 
+l 
+l 
-1 
-1 

0 

: 

: 
+1 
+l 
-1 
-1 

0 

0 

: 
0 

+l 
+l 

1; 
0 

: 
0 
0 

+1 
-1 
+1 
-1 

0 

+1 
-1 
+1 
-1 

0 

0” 
0 
0 

: 

: 
+1 
-1 
+1 
-1 

0 

+1 
-1 
+1 
-1 

: 

: 
0 

0 

: 
0 

+l 
-1 
+1 
-1 

0 
In this representation each of the independent 
variables (x1 through x4) has three levels: a high +l, a 
low -1, and a middle 0. Note that the center point 
condition (0, 0, 0,O) occurs three times. 

at a single level for four to seven observations. The 
order within each of the six groups was random. 
The groups were formed to reduce the total time 
required to make new concentrations of fresh and 
recycled regenerants in chemical equilibrium with 
the system whenever the concentrations were 
changed, since each concentration change would 
require up to 2 weeks. In addition to 27 Box- 
Behnken observations, Phase 2 experiments 
include: 

l Two observations to measure effects of 
changing the maximum allowable calcium 
concentration of the effluent used as an 
indication when to terminate exhaustion, 
often called the breakthrough point. 

l Three observations to study use of a feed 
water backwash (the standard IX procedure) 
instead of recycled regenerant, and 

l One observation to evaluate SHMP addition 
to the fresh regenerant for retarding calcium 
sulfate precipitation. 

In Phase 3, the nine experiments were designed 
to study additional process variables and higher 
fresh regenerant flow rates as determined from 
RESULTS-Phase 2. New process variables 
included: 

= using filtration for gypsum crystallites in 
recycling regenerant, 

m air mixing for destratifying the resin bed 
between regeneration and rinse, and 

n addition of SHMP to both fresh and recycled 
regenerants. 

Most Phase 3 experiments were included to study 
methods for controlling resin scaling by gypsum 
that occurred during hot summer temperatures of 
the Phase 2 study. Gypsum scaling of the resin 
was not observed under any combination of oper- 
ating conditions during cool winter ambient temp- 
eratures of Phase 1. 
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RESULTS 

Results of the three experimental phases are 
presented here. Detailed data and descriptions 
are in the appendixes. Multiple regression analysis 
of the data are given with the TWRC as the 
dependent variable. Optimum IX operating con- 
ditions were determined. Further data analyses 
were done to define combinations of control 
conditions and temperature when gypsum scaling 
of the cation exchange resin did not occur. 

Phase I Exploratory Experiments 

The first several months beginning in March 1978 
were spent in resolving equipment malfunctions. 
Major equipment problems are noted in appendix 
F. Successful Phase 1 operation began in late 
September 1978. Detailed data and a chrono- 
logical description of these exploratory experi- 
ments are in appendix 8. Key Phase 1 findings 
follow. 

Baseline NaCICycles. - Results of cycle 1.03.28 
indicate a calcium RC (specific resin capacity) of 
0.188 eq/L (equivalents of calcium removed per 
liter of resin). This was typical when 3.0-percent 
NaCl regenerant was used for the operating con- 
ditions established including a normal feed water 
backwash and no regenerant recycling. This run 
established a baseline performance for which 
results from cycle 2.01.09 were compared. 

Cycle 2.01.09 used ED reject brine for regenerant 
having a concentration of 26.7 g/LTDS. All other 
operational conditions of cycle 2.01.09 were 
similar to cycle 1.03.28. For cycle 2.01.09, the 
resin capcity was 0.149 eq/L, or 21 percent less 
than that of 1.03.28. This difference was not 
surprising since the ED reject brine contained 
calcium that would tend to oppose the regenera- 
tion effect caused by the sodium in ED reject. The 
amount of regenerant used in cycle 2.01.09 was 
about 50 percent greater than what could be 
made by concentrating the exhaustion volume per 
cycle. All further Phase 1 experiments were 
operated under closed loop constraints whereby a 
main requirement was to balance the fresh re- 
generant used with the ED reject brine made per 
cycle. 

Upon initial exploratory operation of the lonics 
Aquamite V electrodialyzer, it was found that the 
maximum possible brineconcentration was nearly 
60 g/L TDS for safe operation of the ED with the 
installed membranes, configuration, and feed 

water. Under this ED operation, almost all makeup 
to the internally recirculating concentrate loop 
was from normally occuring leakages from dilute 
to concentrate cells and mixing of streams during 
polarity reversal. The 6Og/L high value would not 
be possible when either feed water TDS or feed 
water temperature would drop because they both 
do seasonally. Thus, 50 g/L TDS was selected as 
a conservative maximum. Operational data for the 
ED are in appendix E. 

Recycling Regenerant. -Procedures for recycling 
regenerant were developed during Phase 1. Regen- 
erant effluent from IX generally is supersaturated 
with calcium sulfate when sulfate-containing 
reject brine is used as the regenerant. The purpose 
of tank 6 and tank 5 (fig. 13) was to allow this used 
supersaturated regenerant to be recycled. Desup- 
ersaturation was accomplished by allowing the 
spent regenerant to approach a saturated condition 
by batch mixing followed by crystallite settling in 
tank 6. Gypsum solids from previous IX cycles 
were retained in the bottom of tank 6 to speed 
nucleation and precipitation. After the gypsum 
crystals had settled, clear supernatant in tank 6 
was transferred to tank 5 for temporary storage 
and later use as recycled regenerant in the 
subsequent regeneration. 

Attempt was not made to optimize mixing and 
settling times during the exploratorytests. Mixing 
and settling times were determined solely by the 
availabletimewhile maintaining normal IXopera- 
tion. For example, in cycle 2.02.174the agitator in 
tank 6 was operated during the 3-minute drain- 
down of regenerant from the IX column following 
regeneration. The settling was allowed to occur 
during the 1 O-minute rinse and during the first 60 
minutes of the service mode. The gravity transfer 
of recycled regenerant from tank 6 to tank 5 was 
allowed to continue during the remainder of 
service, or for 111 minutes. The concentration of 
major ions and TDS in tank 28 (fresh regenerant 
or ED brine) and tank 6 (used or spent regenerant 
after mixing and settling)following cycle 2.01 .174, 
which was typical, are given in table 4. 

A hypothetical, completely supersaturated compo- 
sition flow in tank 6 is given also in table 4 for 
cycle 2.01 .174. This supersaturated composition 
was estimated by the following calculations: 

1. A total supersaturated calcium concentra- 
tion flow into tank 6 before any precipitation 
formation was calculated from a balance of the 
total major cation (sodium, magnesium, and 
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Table 4.-Recycling regenerant following cycle 2.01.174-November 27, 1978 
(TDS includes some minor constituents not listed) 

Ion 
Tank 28 

Measured 

mn/L mea/L 

Tank 6 
Measured 

ma/L mea/L 

Tank 6 
Supersaturated* 

m&L mea/L 

Tank 6 
Saturated 20 OC 

ma/L mea/L 

Ca 113 5.65 1 570 78.5 4 880 244 1400 60 
Mg 239 19.6 1 295 106 1300 106 1300 106 
Na 18 100 789 10 700 464 10 700 464 10700 464 
so4 15000 313 5040 105 13000 270 4600 96 
Cl 17 800 503 19400 548 19400 548 19400 548 

TDS 51500 - 38100 - 49400 - 37500 - 
*A hypothetical condition, assuming no calcium sulfate (gypsum) precipitated, was calculated as follows (see text 

for explanation): 
(Ca) = 789 + 19.6 + 5.65 -464 - 106 = 244 meq/L from a cation balance between tank 28 and tank 6; thus, prior 

to CaS04 precipitation, tank 6 had 244 - 78.5 = 165.5 meq/L more Ca and SO4 than was measured. 
(SO,) = 105 + 165.5 = 270 meq/L. 
TDS=38100+13 000-5040+4880-1570=49 4OOmg/L;asacheck:TDS=38 100+(165.5)68= 

49 400 mg/L. 

calcium) concentrations in meq/L between percent or 174 meq/L. Thus, the actual removal 
tank 6 and tank 28. That is, in regeneration 3, values correspond to nearly 95 percent complete 
the regenerant from tank 28 exchanges cations desupersaturation. Interpreted another way, about 
with the resin in that the total equivalents 165.5 meq/L [actually about 14 g/L as gypsum 
leaving the resin bed flowing into tank 6 equals (CaSO,*ZH,O) or 11 g/L of CaSOJ were removed 
the total equivalents entering from tank 28- during recycling, and also the TDS decreased by 
provided that no dilution by other water occurs, about 11 g/L. The theoretical amount removed to 
which is the present case. Furthermore, the complete saturation would be nearly 12 g/L of 
dissolved magnesium and sodium concentra- CaSO,. Since 250 liters of fresh regenerant were 
tions measured in samples from tank 6 should used and recycled during cycle 2.01 .174 (neglect- 
not change from the influence of calcium ing draindown losses, which were significant in 
sulfate precipitation. Thus, the supersaturated the pilot plant), the total CaSO, precipitated was 
calcium concentration in tank 6 is calculated as about actually 2.8 kg or theoretically 3.0 kg per 
the value whereby the total major cations in cycle. This mass of precipitate per cycle is small 
tank 6 would be equal to those in tank 28. compared to the 3280-kg water capacity of tank 6. 

2. The sulfate concentration into tank 6 was 
increased by the same number of meq/L as the 
calcium was increased, because calcium and 
sulfate precipitate as gypsum in equivalent 
amounts. 

3. The supersaturated TDS in tank 6 was 
increased bythe mg/L increase in calcium and 
sulfate. 

In any case, there had been problemswith scaling 
in tank 5 and in the filter, pump, and piping 
downstream of tank 5, which indicates that com- 
plete desupersaturation had not occurred. Some 
of this additional precipitation could be attributed 
to diurnal changes in water temperature after 
leaving tank 6, which causes the gypsum solubility 
to change. Further investigation of this problem 
occurred during the Phase 2 experiments. 

Also, in table 4 are concentrations of calcium, 
sulfate, and TDS at saturation and 20 OC in tank 6, 
which were estimated using a computer program 
(w. (3. 

Table4values indicate that about 68 percent (166 
meq/L) of calcium was removed in tank 6. The 
theoretical maximum removal at 20 OC is 71 

Sensing Exhaustion Breakthrough.-Different 
methods of automatically sensing exhaustion 
breakthrough were evaluated. Each was discarded 
because of one or more shortcomings. A total 
hardness analyzer (Hach Chemical Company 
model 1714) was tested but found unreliable, 
mainly because the breakthrough concentrations 
were much greater than its accuracy range, and a 
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separate dilution system could not be operated 
reliably. The IX effluent conductivity measure- 
ments were found to be deficient in sensitivity to 
changes in calcium to sodium ionic ratio that 
occur at breakthrough. Exhaustion duration and 
exhaustion volume varied too much among indi- 
vidual cycles at the same conditions to be used as 
a reliable service end point during these experi- 
ments. Therefore, manual operator titration for 
calcium was the only method used successfully 
for detecting calcium breakthrough concentrations 
in all the Phase 2 and Phase 3 experiments. 

Control Variable Levels Established for Phase 
2. -Results of the exploratory testing phase were 
analyzed to provide high and low levels for the 
control variables in the response-surface experi- 
ments. These results showed that the IX-ED 
system could operate satisfactorily at anycombin- 
ation of selected high and low levels of the four 
control variables. 

The four major independent control variables in 
the response-surface variables, three-level Box- 
Behnken design variables, and two additional 
screening variables (two levels each) are listed in 
table 5. Each of the four response-surface control 
variables has a midpoint value which is the high 
and low mean values. The reasoning of selecting 
each of these variable levels follows. 

Table 5.-?hase 2 control variables 
Control 
variable Units Low Hiah Midooint 

Response-surface control veriebles 
Fresh regenerant 

concentration g/L TDS 20 50 35 
Fresh regenerant 

flow rate L/min 3.0 8.0 5.5 
Recycled 

regenerant 
flow rate 
(Reg. 2) L/min 8.0 24 16 

Recycled 
regenerant 
volume 
(Reg. 2) L 0 1600 800 

Screening control variables (no midpoints) 
Service 

termination 
point for 
calcium meq/L 1.5 4.5 

Type of 
backwash - Feed- Recycled 
water water regenerant 

Fresh regenerant concentration was measured in 
samples from the reject brine storage tank 28 by 
the summation of major ions determined bychem- 
.ical analyses. The TDS by evaporation was used 
only for daily operational settings of ED desalting 
recovery and, thus, fresh regenerant volume. 

Desalting recoverywascalculated most accurately 
from the TDS of the desalting feed, product, and 
brine using equation 1 rather than flow rates-as 
noted previously. Because feed and product did not 
vary greatly in these experiments, recovery was 
predominantly a function of brine concentration. 
As previously noted, the 50-g/L high regenerant 
concentration level was the highest concentration 
that could be reliably achieved by the present ED 
unit (including a safety factor in case of a slightly 
lower feed TDS or feed water temperatures). The 
20-g/L low level wasderivedfrom a practical lower 
limit of high recovery of about 85 percent. There 
wouIdbenoneedforIXbesideslimesofteningifthe 
recovery were much less than 85 percent. 

Fresh regenerant flow rate was investigated. The 
high level of 8.0 L/min approached the highest 
value for which satisfactory IX operation can be 
achieved when there was no recycled regenerant. 
A higher flow rate could be used with recycled 
regenerant, but higher flow rates without using 
recycled regenerant gave a less efficient regen- 
eration resulting in progressively smaller service 
volumes and, consequently, less producible fresh 
regenerant from the desalting reject than the 
regeneration consumed. A balanced experimental 
design required that the system should operate at 
steady-statewiththe highestfreshregenerantflow 
rate and no recycled regenerant. The low level 
of 3.0 L/min was determined to be the lowest that 
would be practical. With lower flow rates the time 
spent in regeneration would become excessive 
relative to the exhaustion time when all of the 
softening is done. It is noted that gypsum scaling in 
the resin was observed even at such low regenera- 
tion flow rates during Phase 1. 

Practical recycled regeneration flow rate levels 
were established experimentally. The high flow 
levelofrecycledregenerantof24L/mingaveabout 
50-percent resin bed expansion, depending on 
water temperature, with the present 340-mm- 
inside-diameter columns. The 8.0-L/min low level 
was the lowest that could still give a reasonable 
recycled regeneration time for the recycled regen- 
erant volumes that were used. 
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Recycled regenerant volume was defined in these 
experiments as the additional volume after the 
initial 240 L (24.0 L/min for 10 min) of recycled 
regenerant used for backwash water.The low level 
of zero liter was the minimum while retaining the 
backwash. The 1600-L maximum was the usable 
remainingtank5capacityinadditiontothe240Lof 
backwash. 

Exhaustion termination point was the maximum 
peak calcium concentration leakage allowed in the 
effluent during exhaustion. The peak calcium ef- 
fluent concentration was used as the indication 
that the cation exchange resin was close to its 
calciumabsorptioncapacityattheconditionsofthe 
IX cycle. The value of the exhaustion termination 
point was selected to be a function of the brine 
concentration or desalting recovery. This reflects 
thevaryingrequirementsfortheallowablecalcium 
in desalting unit feed to prevent calcium sulfate 
scaling in the reject brine stream within the de- 
salting unitfordifferent brineconcentrationfactors. 
The termination points for 20-, 35-, and 50-g/L 
brine concentrations were4.5,3.0, and 1.5 meq/L 
of calcium, respectively. These calcium concentra- 
tionsarevaluesestimated bycomputercalculations 
[9] corresponding to calcium sulfate saturation in 
the desalting reject. Exhaustion termination point 
controlled by the accumulated average calcium 
concentration of the total effluent of service would 
have been ideal; however, this value would be 
difficulttomeasurepractically.Thus,thesecalcium 
breakthrough points were conservatively low be- 
causethemeanleakageduringexhaustionwasfar 
below these maximum values allowed at break- 
through. 

Note that the exhaustion termination point affects 
quality of fresh regenerant that is made from IX 
exhaustion effluent. A higher termination point 
implies a greater exhaustion water volume-other 
conditions being equal-but the higher calcium 
content of the resulting brine creates a less favor- 
able regenerant composition. Limited screening 
runs in Phase 2 were designed to indicate whether 
these interactions would be significant to overall 
performance. 

Backwashwatertypewasthefinalcontrolvariable 
selectedforPhase2experiments.TheIXfeedwater 
and recycled regenerant were to be compared 
during the 1 O-minute, 50-percent-bed-expansion 
backwash. This variable is, of course, a discrete 
variable rather than a continuous variable. 

Having selected this set of control variables and 
their high and low levels for use in the Phase 2 

response-surface experimental design, Phase 1 
exploratory experiments concluded in December 
1978. 

Phase 2 Response-Surface Experiments 

As presented in the previous section, Phase 1 
exploratory experimental results were used in the 
design of the Phase 2 response-surface experi- 
ments. Phase 2 started in January 1979 and 
concluded at the end of August 1979. About a 
month of testing was lost in April caused by 
equipmentproblems-primarilywiththeED-which 
are described in appendix F. 

Experimental Design. -The original Phase 2 ex- 
perimental design (table 6) had the following three 
features: 

1. A four-control variable, three-level BoxBehnken 
design (table 3) was used to develop the response- 
surface specific resin capacity and lWRC as a 
function of: 

m fresh regenerant concentration, 

m fresh regenerant flow rate, 

n recycled regenerant flow rate, and 

n recycled regenerant volume. 

The 27 runs were numbered 3.01.00 through 
3.27.00 without a suffix, and each IX cycle in a run 
wasdesignatedinsequencebythelasttwodigitsof 
the run number. The runs were divided into three 
blockstocanceloutthepotentialeffectsofexternal 
uncontrolled variables. 

Specifically, each IX regeneration consisted of 
three steps: 

Step I.-Abackwashof24L/min(nominally 
50-percent resin bed expansion) for 10 min- 
utes using recycled regenerant with the col- 
umn effluent going to waste. 

Step 2. -Regeneration with recycled regen- 
erantwiththeflowratesandvolumeslistedin 
table 6 (note that zero volume also was 
included) with the effluent going to the re- 
generant recycling system. 

Step 3.-Regeneration with fresh ED brine 
regenerant of specified concentration with 
the effluent to be recycled. 
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Table 6. - Phase 2 - High recovery ion exchange screening-response 
surface experimental desi.crn 

Block 

Run 
number, 

No. 

Fresh 
regenerant 

concen- 
tration, 

mg/L TDS 

Nominal 
desalting 

recovery,* 
percent 

Step 2 Step 2 Calcium 
Fresh recycled recycled exhaustion 

regenerant regenerant regenerant termination 
flow rate, flow rate, volume, point, 

L/min L/min L meq/L 

1 3.01 .OOC 
3.02.OOC 
3.01 .oo 
3.02.00 
3.03.00 
3.04.00 

CP 3.05.00 
3.06.00 
3.07.00 
3.07.008 
3.08.00 
3.09.00 

2 3.10.00 
3.11 .oo 
3.11.008 
3.12.00 
3.13.00 

CP 3.14.00 
3.15.00 
3.16.00 
3.17.ooc 
3.18.OOC 
3.19.OOc 
3.2O.OOC 
3.17.00 
3.18.00 
3.18.008 

3 3.19.00 
3.20.00 
3.21 .OO 
3.22.00 

CP 3.23.00 
3.24.00 
3.2500 
3.26.00 
3.27.00 

20000 
20 000 
20 000 
20 000 
35 000 
35 000 
35 000 
35 000 
35 000 
35 000 
50 000 
50 000 

50 000 
50 000 
50 000 
35 000 
35 000 
35 000 
35 000 
35 000 
20 000 
20 000 
20000 
20 000 
20 000 
20 000 
20 000 

20 000 
20 000 
35 000 
35 000 
35 000 
35 000 
35 000 
50 000 
50 000 

85.5 
85.5 
85.5 
85.5 
91.8 
91.8 
91.8 
91.8 
91.8 
91.8 
94.3 
94.3 

94.3 
94.3 
94.3 
91.8 
91.8 
91.8 
91.8 
91.8 
85.5 
85.5 
85.5 
85.5 
85.5 
85.5 
85.5 

85.5 5.5 
85.5 5.5 
91.8 3.0 
91.8 8.0 
91.8 5.5 
91.8 8.0 
91.8 3.0 
94.3 5.5 
94.3 5.5 

2: 
8.0 
3.0 
5.5 

::55 
5.5 

::: 

i:: 

5.5 
5.5 

i:: 
3.0 
5.5 
8.0 
8.0 
5.5 
5.5 
5.5 
5.5 
5.5 
5.5 
5.5 

16.0 
16.0 
16.0 
16.0 

8.0 
8.0** 

16.0 
24.0 
24.0”” 
NA 

16.0 
16.0 

16.0 
16.0** 
NA 

2i.z 
16:O 

8.0 
24.0 
16.0 
16.0”” 

248.: 
16:0 
16.0”” 
NA 

2% 
16:0 
16.0”” 
16.0 
16.0 
16.0** 

8.0 
24.0 

E 1.5 

800 :i 
800 4:5 

1600 0 :.I: 
800 3:o 

1600 

NAO 
t: 
3:o 

800 1.5 
800 1.5 

1600 1.5 
0 1.5 

% 3.0 1.5 

88E i:: 

i: t: 
1600 1:5 

0 1.5 

8”E i.55 
1600 4:5 

NAO 4.5 4.5 

800 4.5 
800 4.5 

1600 0 t: 
800 3:o 

1600 3.0 
0 3.0 

800 1.5 
800 1.5 

* Dependent upon brine concentration assuming a feed of 3300 mg/L TDS and a product of 473 mg/L TDS. 
**Actual setting unimportant since zero volume throughput in step 2. 
CP - Center point condition repeated three times gives estimate of experimental variability. 
Et - Run number designation for feed water backwash and no regenerant recycle. 
C - Run number designation for low exhaustion termination point for calcium of 1.5 meq/L for 20 000 mg/L TDS 

brine concentration. 
NAY Not applicable because recycled regenerant was not used when there was a feed water backwash. 
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The volume of fresh regenerant used per cycle was 
theoretically balanced with the amount of ED brine 
made per cycle. It was calculated from the desalting 
recovery and the average exhaustion volume as 
described earlier in Experimental Methodology. 
The calcium exhaustion termination concentration 
was a direct function of the brine concentation or 
desalting recovery, which realistically reflects de- 
salting equipment feed requirements. 

Upon completion of the design experiments, data 
were analyzed by multiple regression to give a 
statistical analysis and a second order polynomial 
expression involving the four control variables. 
They were plotted parametrically. These are pre- 
sented and discussed in later sections. 

2. Three screening runs designated by suffix B use 
a feed water backwash rather than recycled re- 
generant. These runs were used to indicate whether 
there was a significant IX performance difference 
between using feed water or recycled regenerant 
for backwash. 

3. A lower exhaustion termination point (expressed 
as meq/L calcium in the IX product effluent) was 
used as an additional screening variable for six 
runs designated by suffix C. These were all run at 
the lowest brine concentration or desalting re- 
covery. Data resulting from these runs were used 
to assess if the exhaustion termination point signi- 
ficantly affected the total resin requirements in an 
IX design. 

During the experiments, the following were held 
constant: 

N exhaustion flow rate of 30 L/min, 

w a single rinse of 15 L/min for 10 minutes, 

n draindown after exhaustion or feed-water 
backwash, 

m draindown after regeneration, and 

, the method of recycling regenerant. 

Of course, other operating methods were applied 
when sodium chloride regeneration was used to 
make ED feed water for new fresh regenerant 
production, when the regenerant concentration 
was changed or when regenerant was lost under 
nonequilibrium operating conditions. 

Numeric8/Dafa. -A summary of reSdtS from the 
response-surface experimental runs is given in 

table 7. Detailed data for each run are in appendix 
C. Each data cycle was preceded by three or more 
cycles at the same operating conditions to establish 
a system equilibrium. 

This completed design (table 7) departed from the 
original planned design (table 6) in three ways. 
First, runs 3.17.OOC through 3.2O.OOC (additional 
runs not contained in the basic Box-Behnken 
design) were deleted because of a shortage of time. 
The purpose of these runs was to determine the 
response as a result of varying the IX exhaustion 
calcium breakthrough concentration. Sufficient 
information for this purpose was obtained from 
runs 3.10.32C and 3.02.12C. Second, runs 3.26.00 
and 3.27.00 were done out of the original order as 
3.26.12Dand3.27.25D.Thiswasdonealsotosave 
time (2 weeks or more) by avoiding having to 
remake new volumes of the highest concentration 
fresh and recycled regenerants in chemical equi- 
librium with the IX-ED process if the original 
schedule had been followed. Third, run 3.18.12E 
was added. In this run, SHMP (100 mg/L) was 
added to the fresh regenerant (21.8-g/L of TDS) to 
test the effect of SHMP on gypsum precipitation in 
the column and the response of IX performance. 
Run 3.18.12E is discussed in a later section fSHMP 
Addition to Regenerants) along with two other runs 
in Phase 3 (4.04.07E and 4.06.07F) during which 
SHMP also was added to the regenerants. 

Calcium Breakthrough Point. - Results show 
that increasing the calcium breakthrough point 
above the levels that normally were used in these 
experiments would increase the specific calcium 
resin capacity significantly but not theTWRC. this 
is evident in comparing resin capacities of runs 
3.01.32C and 3.02.12C with 3.01 .15 and 3.02.08, 
respectively (table 7). The former two runs used a 
1.5-meq/L calcium breakthrough point, and the 
latter two used the normal 4.5-meq/L calcium 
breakthrough point. Comparisons among these 
runs do not support an advantage from a higher 
breakthrough point for increasing lWRC. 

Source of Backwash Water. - Thee greatest 
benefit of using recycled regenerant rather than 
feed water for backwash is that the overall water 
recovery of the combined pretreatment-desalting 
system process is higher if feed water is not wasted 
for backwash. However, when using the recycled 
regenerant, IX resin capacities are higher, par- 
ticularly at very high desalting recoveries. Run 
3.11 B proved to be the only run which was not 
self-sustaining; in other words, not as much 
regenerant was produced as was used. An equi- 
librium could not be reached as service volumes 
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Table 7. - Summary of response-surface experimental design 

Cvcle Date 

Fresh Fresh. Recycled Recycled Fresh Resin Resin Duration, Dura- Exhaustion 
regen. regen. regen. regen. regen. capa- capa- enhaus- tion, fraction TWRC, 
cont., flow, flow, volume, temp., city. city. tion cycle of cvcle meq-Ca 

NO. g/L TDS L/min L/min L -2 eq-C&L eq-Tti/L min min time (f mmin) 

1979 
3.10.32C Jan 27 22.3 

20.4 
20.6 

8.00 
3.15 
7.18 
3.01 
5.85 
5.44 
5.51 
5.52 
5.42 
5.49 
3.16 
8.02 
5.59 
5.49 
5.5 
5.48 
5.42 
3.09 
2.96 
5.47 
7.93 
8.01 
5.49 
5.38 
5.47 
5.42 
5.58 
5.40 
3.00 
7.68 
5.51 
7.92 
3.04 

14.6 
14.5 
14.5 
14.8 

7.96 
8.0 

15.6 
23.7 
24.0 
N/A 
16.2 
16.5 
16.6 
16.0 
N/A 

7.82 
24.2 

8.06 
24.6 
16.3 

8.06 
24.3 
17.3 
16.0 
N/A 

8.77 
23.1 
N/A 
16.1 
16.0 
16.2 
15.5 

800 
800 
800 
800 

1600 
0 

800 
1600 

0 
N/A 
800 
800 

1600 
0 

N/A 
800 
800 
800 
800 
792 
792 
791 
1595 

0 
N/A 

E 
N/A 

1588 
0 

794 
1573 

0 

12.5 0.328 
15.2 .419 
15.7 544 
19.5 .451 
16.7 .570 
20.1 .506 
19.0 .466 
18.8 .582 
18.9 .466 
21.5 .513 
22.0 .346 
27.0 .469 
22.3 .526 
24.2 ,342 

0.511 
,636 
,647 
.554 
.794 
.657 
.667 
.731 
.612 
.690 
.520 
.616 
.766 
.537 

176 
203 
322 
226 
238 
182 

350 
563 
577 
615 

fiz 

0.50 0.94 
.36 .74 
.56 .94 

204 367 
246 448 
189 307 
180 299 
158 318 
171 278 
208 397 
152 228 

.37 
.41 
.60 
.56 
.55 
.60 
.61 
.50 
.62 
.52 
.67 

.73 

.98 
1.67 
1.27 
1.30 
1.52 
1.72 
1.09 
1.69 
1.32 
1.50 

28.0 
28.0 
28.7 
31.5 
31.9 
35.8 
33.5 
28.4 
27.8 
30.2 
35.0 
32.0 
30.3 
36.5 
33.2 
29.5 
30.8 

run not self-sustaining so never completed successfully 
.456 .527 185 367 .50 1.24 
.369 .497 162 270 .60 1.37 
.399 .536 175 445 .39 0.90 
.398 .544 183 
442 

E .46 1.01 
.565 190 .55 1.28 

,477 .581 193 373 .52 1.28 
,483 .594 193 307 .63 1.58 
,473 .597 231 530 A4 .89 
.441 .541 213 420 .51 1.05 
.392 .471 176 341 .52 l.i5 
,429 .518 180 440 .41 .98 
.452 .557 200 433 .46 1.04 
.380 .488 189 353 .54 1.08 
.607 .737 245 571 .43 1 .cMi 
.426 .537 186 279 .67 1.53 
.655 .815 336 546 .62 1.20 
,690 .867 346 561 .62 1.23 

16.0 29.5 ,336 ,468 211 384 .55 .88 

3.02.12C Feb 1 
3.01.15 8 
3.0298 14 
3.03.28 Mar 3 
3.04.23 12 
3.0515 17 
3.06.13 21 
3.07.04 22 
3.07948 23 
3.08.77 May 2 
3.09.10 4 
3.10.15 9 
3.11.12 12 
3.11.--B N/A 
3.26.12D 26 
3.27.25D June 2 
3.12.09 
3.13.08 : 
3.14.10 11 
3.15.08 13 
3.16.06 15 
3.17.08 18 
3.18.09 
3.18.139 5: 
3.19.09 28 
3.20.10 July 2 
3.18.21E 9 
3.21.56 Aug 2 
3.22.12 6 

20.0 
33.9 
33.5 
32.8 
33.3 
32.9 
34.3 
51.3 
52.0 
50.3 
51.8 
50.0 
52.1 
53.4 
35.7 
33.9 
33.0 
33.7 
36.1 
20.2 
20.0 
20.6 
19.4 
19.6 
21.8 
33.9 
33.8 
34.4 
34.6 

3.23.33 
3.24.11 
3.25.10 29 33.3 



became progressively smaller as fresh regenerant 
volumes were adjusted lower to match the volume 
of rejected ED brine produced per cycle. This is 
demonstrated by the data noted in table 8. This run 
used feed water backwash and the highest con- 
centration fresh regenerant, 50 g/L corresponding 
to a recovery of 94.3 percent, which also means 
that a total volume of fresh regenerant available 
perexhaustionvolumewasthe lowest. Run 3.11.12 
was comparable to 3.118 except that recycled 
regenerant (240 L) was used for backwash (called 
regeneration 1 when recycled regenerant was 
used). 

A comparison between runs 3.18.09 and 3.18.138 
(20-g/L TDS regenerant level) indicated a higher 
lWRC using recycled regenerant for backwash. 
But another comparison between runs 3.07.04and 
3.07.048 (35-g/L regenerant level) indicated lower 
lWRC using the recycled regenerant. However, 
the difference in TWRC in each pair is not great 

comparedto experimental variability of all the runs. 
Thus, while it cannot be concluded that TWRC 
always is greater when using recycled regenerant 
for backwash, it is clear that to maintain an overall 
high water recovery with the IX process (not to 
waste feed water for backwash, although this 
backwash water could be recycled to some degree) 
and to be able to operate closed loop successfully at 
very high recoveries (94 percent and above at 
Yuma), recycled regenerant must be used for the 
backwash. 

Gypsum Precipitation During Regeneration. - 
As previously mentioned, gypsum (CaSO,*2H,O) 
precipitation in the IX column-during regene- 
ration-was first observed during test runs in the 
spring and summer of 1979. Various symptoms, 
depending upon severity, included: 

l Milkiness in the upflow regeneration ef- 
fluent above the bed (fig. 14) 

Table 8. - Volumes and concentrations of IX fresh regenerant and exhaustion waters 
for conditioning cycles of run 3.11. OOB (May 19 79) 

Estimated 
Fresh fresh Estimated 

Cycle No. regenerant regenerant Exhaustion ED feed Ratio, 
3.11008 Date volume V,, TDS, volume VW TDS, R. Vf 

Run No. L mg/L L mg/L % w-mv, 

May 
08 14 250 53330 4080 3330 95 1.14 
09 14 251 53330 2900 3330 1.60 
10 14 251 53330 2840 3330 

xz 
1.64 

11 14 252 53330 2490 3330 95 1.89 
12 15 251 52520 2790 3630 1.48 
13 15 250 52520 2760 3630 i4 1.49 
31 

f: 
99 53120 1140 3480 94 l,.52 

32 115 53120 890+ 3480 i:: 2.27 

zz I: 117 114 53120 52580 1160 1070 3480 3540 1.77 1.81 

zi 22 22 115 122 52580 52580 1160 1100 3540 3540 i:: 1.77 1.78 
37"" 
38" Ix 

121 52580 3100 3540 ii:: 0.66 
122 52580 1650 3540 1.25 

39”” 22 122 52580 1140 3540 i:: 1.39 

Instrumentation and symbols: 
V, : Fresh regenerant volume is measured by the change in supply tank (T-28) water level. 
V, : Exhaustion volume is measured by a Signet flow totalizer. 
TDS: Total dissolved solids concentration of ED feed is estimated from electrical conductivity (Beckman RC-18A). 

TDS of fresh regenerant is determined by evaporation (103 “C) in the chemical laboratory. 
R: Percentage desalting water recovery based on the ED feed TDS concentration, fresh regenerant TDS 

concentration, and a projected design TDS concentration of 473 mg/L in the desalting product (see 
equation 1 in Experimental Methodology). 

* No unusual condition explaining this early breakthrough was reported; however, it is not rare to see anomalous 
performance in initial cycles following a change in operating conditions. 

l * Cyclesconducted using column 2 in the IXpilotplanttoverifytheperformancetrendobserved using IXcolumn 
I in previous cycles. 
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l Clumping of resin beads 

l Channeling of water around these clumps 
particularly evident during upflow 

l Unevenness of the top surface of the resin 
bed which normally is uniform (fig. 15) 

l Cementation by gypsum of approximately the 
top one-third of the resin bed 

l White powder (gypsum) settling onto the bed 
surface from the regenerant effluent (fig. 16) 

l Plugging by gypsum scaleofthe upper column 
distributor and upper effluent piping. 

The identification of the white precipitate as gypsum 
wasverified by X-ray diffraction at the E&R Center. 
Some of the worst symptoms occurred in run 
3.11 B, which (previously described) was the only 
run scheduled that could not be completed suc- 
cessfully. 

, 
Because, under very similar conditions, successful 
cycles were completed with no visible gypsum 
precipitation in November 1978, a brief bench 
scale screening investigation was undertaken to 
identify whether temperature-an uncontrolled 
variable related to the season-was contributing to 
the gypsum precipitation. For this purpose, two 
simple laboratory glass columns about 25 mm in 
diameter were each loaded to a depth of about 
300mm with exhausted cation exchange resin 
from column 2 of the pilot plant. Each of these 
small resin beds were regenerated with portions of 
the fresh regenerant from tank 28 used in run 
3.11 B using upflow velocities comparable to those 
used in run 3.11B. Regenerant into one column 
named “A” was cooled in a refrigerated water bath 
to 15OC (similar to the temperatures during the 
Phase 1 experiments in November). Regenerant 
into “B” (the other column) was warmed to 30°C 
(comparable to the temperature occurring during 
run 3.11 B). The following results were obtained. 

1. Observable precipitation phenomena (chan- 
neling, cementing, blanketing) in column “A” 
during the cycle conducted using 15 OC re- 
generant, was slight and qualtitatively com- 
parable tothat observed during pilot plant column 
operation under similar circumstances during 
November 1978. That is, the only gypsum pre- 
cipitation symptoms observed were the very 
fine crystallites that were carried out of the 
column in the spent regenerant above the resin 
bed. 

2. Precipitation occurring in column “6,” during 
the two cycles using 30 OC regenerant, was 
visually comparable to the precipitation observed 
in the pilot plant column operation during May 
1979. That is, symptoms of cementing of the top 
one-third of the resin bed were observed. Chan- 
neling of the regenerant flow, cementing of 
resin into loosely coalesced clumps, and blank- 
eting of precipitate on the resin bed surface were 
observed, and all remained well into the ex- 
haustion mode. Symptoms of cementing were 
more severe during a second cycle than during 
the first cycle. 

3. The specific resin capacity for exchanging 
calcium was estimated from titration data for 
calcium in exhaustion effluent samples. Capaci- 
ties were: 

Column “A” - regenerant 
temperature 15 OC . . . . . , . . 0.5 eq/L 

Column “B” - regenerant 
temperature 30 OC 

Cycle No. 1 . . . . . . . . . 0.50 eq/L 
Cycle No. 2 . . . . . . . . . 0.43 eq/L 

Thus, the bench scale screening investigation 
clearly demonstrated the effect of two levels of 
regenerant solution temperature (15 and 30 “C) 
on the occurrence of visual gypsum precipitation 
phenomena. Further IX bench tests were not 
done. 

Therefore, it was substantiated that temperature 
was a major variable (uncontrolled) in these experi- 
ments. Temperature dependency had not been 
reported in any previous work of which the 
authors were familiar. Several months later, the 
authors obtained an article alluding to the impor- 
tance of temperature in affecting gypsum scaling 
when sulfuric acid is used to regenerate cation 
exchangers [21]. 

Another brief experiment using the IX pilot plant 
demonstrated that the inability to complete run 
3.11 B was not due to a possible gradual degrada- 
tion in performance of the resin in column 1 such 
as could be caused from repeated resin scaling. 
Column 2 was operated for several cycles under 
similar conditions using the same influent solu- 
tions as used in column 1. Prior to this, column 2 
had been used almost exclusively to provide feed 
periodically to the ED for makeup brine, and in the 
17 preceding cycles (with column 2) 12-percent 
NaCl was the regenerant. The resulting perform- 
ance of column 2 under conditions of run 3.118 
duplicated the trends in performance of column 1 
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Figure 14.-Suspended gypsum crystals above resin bed formed during upflow regeneration. P801 -D-80056 

Figure 15.-Severe resin clumping and uneveness in the resin profile at the top of the bed due to 
cementation by precipitated gypsum. P801 -D-80057. 

32 



(table 8). That is, self-sustaining operation of column 
2 was not achieved, and the same gypsum scaling 
symptoms as for column 1 were observed. Thus, 
the nonself-sustaining IX behavior observed could 
not be attributed to degradation of the resin in 
column 1 as possibly could be suspected from 
repeated gypsum scaling. Furthermore, it was 
consistently observed that gypsum scaling symp- 
toms disappeared and cation exchange capacity 
was restored following several cycles with NaCl 
regeneration. Thus, gypsum scaling of the resin 
was shown to be reversible. 

It was qualitatively observed that: 

- high regenerant concentrations, 

- high regenerant temperatures, 

- low fresh regenerant flow rates, and 

- low volumes of recycled regenerant 

contributed to the severity of gypsum scaling. 
Additional experiments in Phase 3 were designed 
to address conditions for controlling the gypsum 
scaling. A semiquantitative statistical analysis of 
these gypsum scaling phenomena is given later in 
thesubsection entitled: Statisticalanalysisofresin 
scaling potential. 

Phase 3 Experiments 

Following completion of the Phase 2 response- 
surface experimental design, a third phase of 
experimentation was begun. Phase 3 runs were 
primarily for the purpose of studying methods of 
controlling the gypsum precipitation in the IX 
column. It occurred during brine regeneration with 
certain combinations of the control variables and 
high regenerant temperatures during Phase 2. 

Since only about 1 month (Sept. 1979) was the 
maximum time available for these additional ex- 
periments, the scope of the experiments was 
limited to encompass several well-defined operat- 
ing procedures: 

n higher fresh regenerant flow rates, 

B filtration of the recycled regenerant prior to 
entering the IX column to exclude the intro- 
duction of any gypsum crystallites, 

n the addition of SHMP to both fresh and 
recycled regenerants, and 

n mixing the resin bed with compressed air 
during backwash. 

Considerable time was saved by running all of 
these experiments using the midpoint level of TDS 
concentration (about 35 g/L) of fresh regenerant 
therebyeliminatingtheneedtomakenewtankfulls 
of other concentration regenerants. A statistically 
based experimental design was not possible be- 
cause of the time limitation, but where possible, 
data from Phase 3 were later combined with Phase 
2 data in the statistical analyses. 

Numerical Data. - Phase 3 experimental run 
conditions and the principal results of each data 
cycle are summarized in table 9. Each data cycle 
was preceded by generally three cycles at the 
same conditions to establish an equilibrium. 
(detailed data for each IX run are in app. D). 

The specific purpose, a description, and partial 
results of each run follows. 

The two cycles 4.01.39 and 4.01.51 were de- 
signed to explore gypsum-scaling severity with 
different fresh regenerant flow rates using no 
recycled regenerant and feed water for the back- 
wash. A much greater amount of visible gypsum 
precipitation and resin scaling was qualitatively 
observed using a fresh regenerant flow rate of 8.2 
L/min (run 4.01.51) as compared to using 10.2 
L/min (run4.01.39). Notethatthefresh regenerant 
temperature (uncontrolled) was nearly 5 OC lower 
while the lower fresh regenerant flow rate was 
used. Thus, a direct comparison between these 
two runs in terms of resin scaling due to the effect 
of fresh regenerant flow rate is possible. Under the 
prevailing levels of the other control variables, the 
threshold for severe gypsum-salinity was at about 
a 9-L/min fresh regenerant flow rate. 

High Regenerant FlowRates. -In the next three 
runs, fresh regenerant flow rate was increased 
further. These three runs also included use of the 
highest volume of recycled regenerant (1600 L). 
Starting with run 4.02.34 and for the remainder of 
the Phase 3 experiments, a 1 O-pm porosity cartridge 
filter located in the effluent line from T-5 was used 
to remove any remaining suspended gypsum cry& 
tallites from recycled regenerant. The use of this 
filter had been discontinued early in Phase 2. This 
filtration resulted in an apparent improvement in 
lWRC (comparing runs 4.02.27 and 4.02.42); 
however, the difference is not significant statis- 
tically. In addition, the regeneration effluent above 
the resin was crystal clear while using the filter, 



Figure 1 B.-Top of resin bed covered by gypsum crystals and a sheet of gypsum scale fallen from the upper distributor following a 
flow stoppage. P801 -D-80058 

Table 9. Summary of additional IX runs to test methods for avoiding calcium sulfate scaling of resin 
(Sept. 1979) 

Exhaus- Exhaus- 
Fresh Fresh Recycled Recycled Fresh Resin Resin tion Cycle tion TVVRC,” 
regen. regen. regen. regen. regen. capa- capa- dura- dura- fraction meq-Ca 

CNyg! Date cont., flow, flow, volume, 
g/L TDS L/min L/min L 

terq.. e;itt,L e;q,L tioz tie% o\cv;le (Lemin) 

4.01.39 “““9” 33.4 10.17 
4.01.51 1: 33.7 8.25 

2 NA 29.5 0.292 0.383 131 194 0.68 1.51 
1KO 24.0 ,317 ,438 134 208 .64 1.52 

4.02.27 32.3 24.4 23.6 30.9 ,446 ,606 217 331 .66 1.35 
4.02.34 4; 34.4 12.8 23.2 1600 28.0 ,539 ,679 225 360 .62 1.49 
4.02.42 33.4 24.0 23.8 1600 28.7 ,503 ,625 231 346 .67 1.45 
4.03.136 22 32.7 5.40 
4.04.07E 24 32.8 5.56 

12 1; 30.4 ,262 ,353 110 197 .56 1.33 
29.2 ,332 ,394 130 215 .60 1.50 

4.05.098 25 32.1 5.66 1;: NA 33.3 ,187 ,244 2:; 152 .54 1.23 
4.06.07F 26 33.1 5.60 800 30.0 ,514 ,654 379 .56 1.36 

l TWRC = time-weighted resin capacity. 
NA = not applicable 



but without the filter the regenerant effluent was 
cloudy with gypsum crystallites. Gypsum scaling 
symptoms in the resin bed were not observed in 
any of these three runs using the high fresh 
regenerant flow rates whether or not the cartridge 
filter was used, thus demonstrating a desired 
benefit from using high fresh regenerant flow 
rates and a fluidized bed. Data from these three 
runs were combined with Phase 2 data in the 
statistical analyses. 

Cycle 4.03.138 was run to establish a baseline 
operation using a midpoint fresh regenerant flow 
rate, no recycled regenerant (a feed water back- 
wash), and a high regenerant temperature (33 “C). 
Control conditions for this run were the same as 
for cycle 3.07.04B when the regenerant tem- 
perature was 22 OC. Results of thetwo subsequent 
runs were compared with results of cycle 4.03.13B 
for the purpose of screening two major process 
variations described as follows. 

Air Mixing the Resin Bed. - Run 4.05.008 
conditions contained air mixing of the resin bed 
during backwash. This air mixing procedure was 
suggested for trial by a consultant - Dr. Robert 
Kunin3 - in regard to the high recovery experi; 
ments. The purpose for injecting air in the bottom of 
the column during backwash was to cause violent 
mixing of the bed and a more or less random, 
nonstratification of resin beads in the bed. This 
could release any possible accumulated gypsum 
crystals remaining after exhaustion (if any) and also 
moderate the high calcium concentration gradient 
in the regenerant effluent during elution. However, 
cycle 4.05.098 resulted in the lowest resin capacity 
and smallest service volumes of any cycle in the 
entire test program (table 9). This run can be 
compared directlyto4.03.138, which was operated 
at the same conditions except for the air mix. 
Apparently, the air mixing resulted in high calcium 
leakage and an early breakthrough concentration. 
Moreover, air mixing evidently negated one of the 
inherent advantages of counterflow operation- 
low leakage-which is especially important when 
the regenerant volume is limited and the regenerant 
composition is less than ideal. Thus, this procedure 
cannot be recommended for the present IX process. 

SHMP Addition to Regenerants. - In cycle 
4.04.07E, 100 mg/L of SHMP was metered into 
the fresh regenerant prior to the regenerant pump 

3 Personal communication with R. Kunin, consultant, 
formerly of Rohm and Haas, Inc.. 1318 Moon Drive, Yardley, 
Pennsylvania. 

P-5 (fig. 8). Conditions were otherwise similar to 
cycle4.03.138. The purpose of SHMP addition was 
to try to retard the rate of gypsum precipitation in 
the column during brine regeneration. This pro- 
cedure did prevent gypsum precipitation in the 
column and apparently caused a modest increase 
in the resin capacity. 

Cycle 3.18.21 E, run in Phase 2 but not discussed 
earlier, had the same flow conditions as cycle 
4.04.07E with the l OO-mg/L SHMP addition to the 
fresh regenerant, but the fresh regenerant concen- 
tration was at the low level (20 g/L nominal). 
Performance of cycle 3.18.21 E can be compared 
directly to that of cycle 3.18.138, which was 
performed without the SHMP addition. The SHMP 
caused the regenerant effluent to be clearer. 
However, the differences in resin capacity and 
WRC between cycle 3.18.21 E andcycle3.18.138 
are insignificant. 

In cycle4.06.07F. 100 mg/L of SHMP was added to 
the fresh regenerant, which subsequently carried 
over into the recycled regenerant. Otherwise, 
control conditions were similar to those of cycle 
3.14.10. The regenerant effluent of cycle 4.06.07F 
contained finer pinpoint gypsum crystallites and 
the resin showed no scaling symptoms. There was 
also a slight improvement in resin capacity and 
TWRC with the SHMP. But the SHMPdramatically 
interferred with the regenerant recycling process: 
recycled regenerant contained 1660 mg/L of Ca 
with SHMP during cycle 4.06.07F versus 1150 
mg/L of Ca without SHMP. This higher calcium 
concentration should cause the recycled regen- 
erant to be less effective, but this was not observed 
in the overall performance. 

Thus, it is noted that the addition of SHMP to 
regenerant - in the four runs tested - gave 
marginal improvement in IX performance. How- 
ever, SHMP would be a multimillion dollar yearly 
cost in a large IX installation such as the YDP. 
Higher TWRC was found without SHMP addition 
when high regenerant flow rates and recycled 
regenerant volumes were used such as in the three 
cycles of the 4.02 series. Therefore, SHMP addition 
to the regenerant is not needed for proper IX 
operation and can be rejected for the Yuma De- 
salting Plant due to cost. 

Multiple Regression Analysis of IX Data 

Data from Phase 2 (table 7) were mathematically 
analyzed by multiple regression. Runs with suffixes 
B, C, and E were not included in these analyses 
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because they were separate process screening 
runs in addition to the Box-Behnken design (table 
3). There were 27 runs or observations included in 
the basic response-surface portion of the experi- 
mental design. 

Regression analyses [22] were performed on a 
Hewlett-Packard model 9825 desktop computer 
using a packaged program (Stepwise Regression, 
part 09825-l 5041). The selected dependent (re- 
sponse) variable was sometimes the specific resin 
capacity (RC, eq/L of calcium), but more often the 
time-weighted resin capacity(TWRC, meq/(L*min) 
of calcium)was used. The independent variables in 
the second order regression included all linear, 
cross-product, and squared terms for the four 
experimental control variables: 

Fresh regenerant TDS concentration (g/L) 

Fresh regenerant flow rate (L/min) 

Recycled regenerant flow rate (L/min) 

Recycled regenerant volume (L) 

and for the uncontrolled variable: 

l Fresh regenerant temperature (OC). 

Outlying Observations. -Preliminary regression 
analyses yielded residual plots indicating two out- 
lying observations for cycles 3.23.33 and 3.24.11. 
By coincidence, cycle 3.23.33 was at midpoint 
conditions -a replicate of conditions 3.05.15 and 
3.14.10. RC was considerably greater for both 
cycles 3.23.33 and 3.24.11 than predicted from 
smooth fits of the data from all 27 response- 
surface runs. It was not immediately apparentwhy 
the RC of cycle 3.23.33 should be about 50percent 
greater th,an the RC’s of cycles 3.05.15 and 
3.14.10 run at similar operating conditions, but an 
explanation was suggested upon studying the 
compositions of the recycled regenerant. The 
sodium concentration in the recycled regenerant 
was about 20 percent greater for runs 3.23.33 and 
3.24.11 as compared to other runs using 35-g/L 
TDS fresh regenerant (these data are in app. C). 
This higher than normal sodium concentration in 
the recycled regenerant would cause the resin to 
be regenerated more thoroughly resulting in higher 
resin capacities. 

The cause for the abnormally high sodium con- 
centration in the recycled regenerant of cycles 
3.23.33 and 3.24.11 was from the nonequilibrium 
composition in tanks T5 and T6, which occurred 
after draining the tanks on August 18, 1979 to 
remove algae growth. Tanks T5 and T6 were filled 
then with fresh regenerant, which naturally had a 
greater concentration of sodium than recycled 
regenerant. An insufficient number of IX con- 
ditioning cycles (just five before 3.23.33) were 
allowed before test cycles were run. The result 
was that the chemical compositions in tanks T5 
and T6 had not reached a proper chemical equi- 
librium with the remainder of the IX process. 

Because the results of cycles 3.23.33 and 3.24.11 
were substantially different from the results of 
other cycles, and because a plausible explanation 
for some of their deviation due to experimental 
bias was found, these runs were dropped from 
further regression analysis. This left 25 obser- 
vations analyzed from theoriginal response-surface 
design. 

Results From 25 Observations. - Variations 
among runs from the 25 Phase 2 experiments 
were found to be fairly low considering the wide 
ranges of the independent variables. The calcium 
lWRC mean and standard deviationswere 1.20f 
0.27 meq/(L-min) which yield a relative standard 
deviation of 22.5 percent. For the normal calcium 
resin capacity, the mean and standard deviations 
were 0.46 f 0.07 eq/L with a relative standard 
deviation of 16 percent. Apparently, WRC is 
determined primarily by the total capacity of the 
cation exchange resin and the feed water compo- 
sition -which were constant during these experi- 
ments - and not by the control variables within 
the ranges tested. 

A correlation matrixfor these data isgiven in table 
10. Because the correlation coefficients among 
the independent variables C, Q,, 0,. V,, and T,are 
less than 0.07, these control variables are shown 
to be truly independent, which verifies their 
selection and analysis as independent variables. 
RC is affected strongly and positively by V, (0.599) 
but weakly by the other independent variables. 
TWRC increases considerably with increasing 0, 
(0.606) and C,(O.538) and decreases to a relatively 
lesser extent with increasing V, (-0.314). These 
statistical relations also are demonstrated by the 
following results of multiple linear regression 
analysis. 
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Table 1 O.-Correlation matrix for 25 observations - Phase 2 
response-surface experimental design 

Cf Qf Qr V, Tf RC 
Qf 0.053 
Qr .034 -0.010 
V, .006 -.064 0.019 
Tf -.056 .048 .031 -0.046 
RC -.274 .260 -.092 .599 -.242 
lWRC 9538 .606 .189 -.314 -.006 0.034 

Symbol Variable name Units 

Cf Fresh regenerant concentration 9/L 
Qf Fresh regenerant flow rate L/min 
Qr Recycled regenerant flow rate L/min 
V, Recycled regenerant volume L 
Tf Fresh regenerant temperature OC 
RC Resin capacity for calcium eq/L 
TWRC Time-weighted resin capacity for calcium meq/(L*min) 

Regression analysis gave the following least- 
squares-method equation: 

TWRC = 0.0946 0, + 0.0122 C, 
-0.000 142 v,+ 3.80 (2) 

where 
TWRC = time-weighted calcium resin capa- 

city in meq/(L-min) 

:; 
= fresh regenerant flow rate in L/min 
= fresh regenerant TDS concentration 

in g/L, and 
v, = recycled regenerant volume in L in 

addition to the 240 L used as back- 
wash. 

The F test [22, 231 was used to judge which inde- 
pendent variables were the most significant for 
inclusion in the equation. In the stepwise regres- 
sion, the F values to remove a term in the equation 
above were 22.0 for 0,. 18.3 for C,, and 5.6 for V,. 
The higher the F value, the more significant the 
term. For 24 degrees of freedom, an F value 
greater than about 2 indicates significance at the 
95-percent confidence level, which also applies to 
the other regression equations that follow. 
The R* of the fit is 0.70. The standard error is 0.14 
meq/(L*min) or 11.7 percent based on the mean 
TWRC. This equation is valid for 0, between 3 and 
8 L/min. Figure 17 shows some plots of this equa- 
tion plus data points with V, = 800 L. Because 
V, had a relatively smaller effect on lVVRC (a de- 
crease in TWRC of 0.12 meq/(L*min) with an 
increase in V, of 800 L), a plot showing TWRC 
versus V, is not included in this report. 

A regression analysisof RC (calcium resin capacity, 
not time-weighted) as the dependent variable shows 
the importance of V, on RC for the 25 low 0, runs. 

RC = 5.52 X 10s q2 + 0.0148 0, 
- 0.00181 C, + 0.395 (3) 

R2 for this fit is 0.62. Standard error of the fit is 
0.047 eq/L or 10 percent relative to the mean RC 
of 0.463 eq/L for the 25 observations. The F value 
to remove a term is 26.4 for V,? 6.05 for Q,, and 
4.51 for C,. This high F value for Vr2 agrees with the 
relatively high correlation (0.599) between V, and 
RC in table 10. Lines generated by the above equa- 
tion are plotted on figure 18, which shows how RC 
increased with V,. The physical significance of the 
second order V,2 term being more significant than a 
first order V, term is that one would expect the 
increase in RC with V, to curve and level off rather 
than continue to rise as the resin approaches 
chemical equilibrium with recycled regenerant at 
very high V,. 

Results From 28 Observations. - Further re- 
gression analysis was performed on data from the 
25 response-surface runs from Phase 2 plus the 
inclusion of the 3 additional runs from Phase 3 in 
which higher fresh regenerant flow rates were 
used. The three additional runs included 4.02.27, 
4.02.34, and4.02.42 (table 9) with fresh regenerant 
flow rates of about 24, 12, and 24 L/min, respec- 
tively. Runs 4.02.34 and 4.02.42 used filtered 
recycled regenerant; whereas, 4.02.27 and the 25 
response-surface runs used only sedimentation of 
gypsum crystals in tank T6 to remove gypsum 
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precipitates in the regenerant recycling process. 
While the filter visually clarified the recycled re- 
generant, the IX performance with the filter was 
not significantly different without the filter in 
relation to theTWRC. For this reason, all 28 runs 
were analyzed together. Basic statistics for the 28 
runs resulted in mean and standard deviations of 
1.23 f 0.27 meq/(L.min) for TWRC and 0.46 f 
0.07 eq/L for normal calcium resin capacity, re- 
spectively, which are nearly identical to the cor- 
responding values previously calculated for the 25 
response-surface observations. 

Regression analysis of the 28 observations with 
TVVRC as the dependent variable yielded similar 
results to those for the 25 observations. The 
primary addition was a second order term for V, in 
the least-squares-method equation. 

TVVRC = 0.133 Q,- 0.00392 Cl? + 0.0123 C, 
- 0.000149 V, + 0.294 (4) 

R2 for this fit is 0.73. Standard error of the fit is 
0.151 meq/(L*min), or 12 percent relative to the 
mean TWRC. The F to delete a term in this fit is 
25.8 for Q,? 20.6 for C,, 17.2 for Q,2, and 7.2 for Vr. 
Curvature caused by the second order term IS 
shown on figure 19 for C,=35 g/L and Vr= 1600 L; 
the dashed lines are the standard error or one 
standard deviation (67 percent confidence level for 
a normal error distribution)for the intercept (Q,=O) 
value of the fit. The standard error for the fit is 
lower towards the midpoint of 0,[22], which was 
not calculated. A maximum occurs at 0, = 17 
L/min on figure 19, but the data and fit are 
insufficient to indicate whether this is the true 
location of a maximum. 

The regression analyses showed an increase in 
RC with V, (equation 3 and fig. 18) but a decrease 
in lVVRC with Vr(equation 4). This results because 
the RC is increased by a larger V, to a lesser 
fraction than the fractional increase in cycle time 
caused by the larger time required to pass the 
larger VF through the resin bed. Thus, because 
TWRC IS the quotient of RC dividend by cycle 
time, an increased V, can decrease lWRC. 

The occurrence of a maximum in TWRC versus 0, 
by equation 4 can be explained. Increase in TWRC 
with increasing Q,andC,occurs mainly becauseof 
a decreased cycle time, specifically a decreased 
regenerationtime.Theregenerationtimedecreases 
with C, because higher C, corresponds to higher 
desalting recovery and less volume of fresh re- 
generant, which yields shorter regeneration time 
for a given 0, 

A drop off in theTWRC with increasingly higher 0, 
and a maximum in the TVVRC occur because the 
contacttimeforregeneration bymasstransferwith 
finite rates will decrease resulting in lower resin 
capacities. Yet there are real limits in the amount 
that cycle time can be minimized as illustrated by 
equation 5 that follows. One additional practical 
limit for IXflow rates is the hydraulic pressure drop 
across the resin bed, IXcolumn, and piping, which 
could lead to uneconomical equipment and energy 
costs when using much higher flow rates (per 
volume of resin) than those that were tested. 

Effects of the independent variables on the cycle 
time can be illustrated clearly by the following 
derived equation: 

v, t-=-t v, cc, - C& v, +-tt (5) 
u 0, Q, CC&) 0, -’ 

where 
% = cycle time in min 
V, = exhaustion volume in L 
0, = exhaustion flow rate in L/min 
0, = fresh regeneration flow rate in L/min 
C,, CP, and C, are the TDS concentrations of 

desalting feed (IX exhaustion effluent), 
product, and reject (fresh IX regenerant), 
respectively, which together yield a term 
expressing one minus thedesalting recov- 
ery from equation 1 

V, = recycled regeneration volume in L 
0, = recycled regeneration flow rate in L/min 
to = time for other cycle steps, almost always 

25 minutes, during the present experi- 
ments for backwash, rinse, and drains. 

The first term on the right-hand side of equation 5 
is the exhaustion time in minutes, the second term 
is the fresh regeneration time, and the third term is 
the recycled regeneration time. Note that the cycle 
time decreases with increased exhaustion flow 
rate 0,. Experiments were all run with 0, equals 
30 L/min. 

A regression analysis with cycle time t, as the 
dependent variable was done on the 28 experiment- 
al IX observations. Independent variable combin- 
ations selected for the fit were (0,-C&l and V/Q, 
because the combinations occur in equation 5. 
Results are shown on figure 20, which illustrates 
the effects of C,, Q,, V,, and 0, on experimental 
cycle time. The curves on figure 20 cannot be calcu- 
lated directly from equation 5 without the experi- 
mental data because V, (nearly proportional to the 
resin capacity) is determined experimentally and 
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cannot be accurately predicted from the independ- 
ent variables alone. 

Analyzing Effects of Calcium Sulfate Supersat- 
uration and Gypsum Scaling of Resin 

The regeneration effluent probably was nearly 
always supersaturated in calcium sulfate. This was 
a result of high levels of calcium eluting from the 
cation exchange resin during regeneration plus the 
high concentrations of sulfate present. Even the 
recycled regeneration influent (for Regenerations 1 
and 2) to some extent was supersaturated depend- 
ing upon the efficiency of the regenerant recycling 
system as shown in table 4. Ideally, the recycling 
system should completely desupersaturate the 
spent regenerant, but in the YDTF tests there was 
not opportunity to design and operate an optimal 
system becauseofthevariableconstraints imposed 
by experimentation with different levels of ion 
exchange operation. The fresh brine regenerant 
was, of course, always below saturation, as is 
required to prevent scaling in the desalting unit. 
The severity of calcium sulfate scaling the cation 
exchange resin was observed only qualitatively. 
Under many operating conditions there was not 
apparent scaling. The least severe scaling con- 
sisted of some minor cementing of resin beads 
near the top of the IX column during regeneration. 
The minor cementing would disappear during rinse 
or early during exhaustion. 

The most severe resin scaling consisted of cemen- 
tation of the entire top one-third of the ion exchange 
bed. The top surface of the resin would be severely 
mountainous rather than normally flat. Sometimes 
cavities would form below the top surface of the 
bed allowing one to see entirely through the bed. 
Cementation would remain throughout exhaustion. 
However, the bottom third of the bed always tended 
to remain normally uncemented, except that some- 
times an occasional clump of finer beads would 
occur there as described previously under: Gypsum 
Precipitation During Regeneration. 

The more severe resin scaling would be accom- 
panied also by plugging of the top screen of the 
column, But more often-with severe scaling-there 
would be gypsum “snow” forming in regenerant 
effluent in the top of the column above the bed. This 
fine white powder would form a layer less than a 
few millimeters thick on top of the bed at the end of 
regeneration and draindown. The thin white layer 
would redissolve soon during rinse or exhaustion. 

StatisticalAnatysis of Resin Scaling Potential. - 
In an attempt to quantify effects of resin scaling, a 

computer program (app. G) was used to estimate 
the amount of CSS, calcium sulfate supersaturation 
in: 

l RRI, recycled regeneration influent, 

l RRE, recycled regeneration effluent, and 

l FRE, fresh regeneration effluent, 

for Phases 2 and 3 experimental runs. These data 
are given in table 11. The CSS is the amount of 
calcium sulfate that would precipitate (as gypsum) 
at chemical equilibrium at 25 OC. Negative values 
indicate unsaturated solutions. 

Some of the data were combined with other data 
from the 25 observations of the response-surface 
experiments (table 7) and analyzed using basic 
statistics. A correlation matrix is shown in table 12. 
The strongly positive correlation (0.67) between the 
supersaturations of RRE and RRI is indicative that 
inefficient desupersaturation of RRI affects RRE 
supersaturation. But supersaturation of RRI and 
RRE were correlated only slightly with that of FRE. 
Negative correlations between the supersaturation 
of RRI and fresh regenerant concentration (-0.480) 
and regenerant temperature (a.41 1) are consistent 
with the known kinetics of calcium sulfate precipi- 
tation [16] as it would occur in the regenerant 
recycling system. That is, more efficient recycling 
(greater calcium sulfate desupersaturation and 
precipitation kinetics rates) is favored by high initial 
calcium and sulfate concentrations, by the longer 
residence times in the agitated recycling tank T-6, 
and by higher regenerant temperatures. 

The greatest supersaturation generally occurred in 
the fresh regeneration effluent astable 12 indicates. 
The highest supersaturation of FRE occurred at the 
highest brine concentrations (correlation coefficient 
of 0.661). Indeed, the most severe calcium sulfate 
scaling of the cation exchange resin was observed 
at the highest desalting recoveries. However, it 
was observed that the resin scaling was alleviated 
largely by using large volumes of recycled regen- 
erant. This qualitative observation is consistent 
with the negative correlation (-0.608) between FRE 
supersaturation and recycled regenerant volume. 

Thequantitative importance of these CSS values is 
involved in the kinetics of gypsum precipitation. A 
published laboratory study showed that the rate of 
gypsum precipitation is proportional to the square 
of the molar concentration of calcium sulfate to be 
deposited before equilibrium is reached [16]. This 
molar concentration corresponds tothe CSS values 
in table 11. 
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Table 11 .-Degree of calcium sulfate super- 
saturation - in recycled regeneration influent 

R RI and effluent RR E and fresh regeneration 
effluent FREt 

Run No. RRI RRE FRE SI” 

3.01 .15 
3.02.08 
3.03.28 
3.04.23 
3.05.15 
3.06.13 
3.07.04 
3.07.048 
3.08.77 
3.09.10 
3.10.15 
3.11.12 
3.26.12D 
3.27.25D 
3.12.09 
3.13.08 
3.14.10 
3.15.08 
3.16.06 
3.17.08 
3.18.09 
3.18.138 
3.19.09 
3.20.10 
3.18.21E 
3.21.56 
3.22.12 
3.23.33 
3.24.11 
3.25.10 
4.01.39 
4.01.51 
4.02.27 
4.02.34 
4.02.42 
4.03.138 
4.04.07E 
4.05.09B 

5.96 17.7 
6.17 13.9 
2.92 17.5 
4.00 17.3 
9.90 16.1 
2.05 11.2 
4.37 14.0 

-1.84 7.44 
-0.96 7.48 
-1.80 13.5 

0.16 16.3 
-1.08 12.2 
-1.65 8.13 
-1.18 6.33 

0.58 8.43 
-0.61 6.59 
-2.29 11.0 

0.11 10.5 
-0.26 12.3 
-1.97 4.54 

1:72 948 
1.82 9.04 

1.91 16.6 
1.17 12.8 
5.18 24.4 
8.16 19.0 
6.86 16.3 

3.58 20.1 
1.20 17.3 
2.30 23.6 

8.27 
7.12 
7.86 

26.0 
13.4 
13.4 
26.6 
40.3 
20.5 
27.3 
19.8 
41.4 
19.3 
21.5 
12.3 
12.0 
10.8 
15.7 
22.8 

5.37 
13.9 
16.5 

2.09 
6.46 

22.5 
6.75 

28.6 
14.7 
12.8 
25.7 
34.6 
42.2 

9.19 
9.68 

10.3 
32.1 
40.9 
31.0 

: 
0 

: 
0 
0 
0 

10 
10 
10 
10 
10 
10 

5 
5 

10 
10 
10 

5 
5 
0 

iz 
0 
5 
5 

i 
0 

i: 

: 
0 

z 
0 
0 4.06.07F 18.6 33.4 26.5 

t Numerical values are the predicted amounts of gypsum 
(CaSO,*2H,O) in millimoles per liter that would precipitate 
at equilibrium at 25 OC. Missing values occur where 
recycled regenerant was not used. 

* The degrees of gypsum scaling intensity (3) of the resin bed 
were derived from visual descriptions in the operators’ log 
assigning arbitrary grades of 0 for no visible scale, 5 for 
slight to moderate symptoms of scaling, and 10 to severe 
scaling as defined in the text, 

Gypsum Scaling Intensity. - An approach used 
to try to qualify the severity of resin scaling was to 
establish a grade for each experimental run based 
on operators’ qualitative visual observations as 
recorded in their log. Three grades of gypsum 
scaling intensity (SI) were assigned. 

A value for SI of 10 was assigned when 
symptoms of severe gypsum scaling of the 
resin were noted. These included: 

-cementation of resin beads, flow chan- 
nelling, and sometimes the formation of 
cavities in the top 300to 600 mm of the resin 
bed (figs. 15 and 16) 

-formation of volcano-like cones on the top 
surface of the bed during regeneration with 
fresh desalting brine 

-cloudiness of the regeneration effluent in 
the column above the resin and settling of 
white gypsum crystals on the top of the resin 
bed (fig. 14). 

An intermediate value for SI of 5 was as- 
signed when these symptoms were less 
severe and confined to the top 300 mm or less 
of the resin bed. 

A value for SI of 0 was assigned when the 
symptom of the presence of gypsum was not 
observed. 

The arithmetic range for SI of 0 to 10 was arbitrary, 
and it was not shown that half of the mass of 
gypsum scale was present at an SI of 5 as was 
present when SI was 10, which implies a linear 
relation. But because quantitative measurement of 
gypsum scale was not made, these SI values do 
provide a means to generalize according to visual 
conditions when gypsum scaling did and did not 
occur. The individual values of the grades are listed 
in the last column of table 11. 

Another unusual observed symptom, which could 
be misinterpreted as gypsum scaling, was the 
formation of loosely cemented clumps of fine resin 
beads at various bed depths. Ho.wever, various 
tests indicate that these clumps probably were 
caused by microbiologically produced slime. This 
aspect is discussed in a following section: Micro- 
biological Growth Causing High Plugging Factors. 

44 



Table 12.-Gypsum scaling factors - correlations among variables for 25 
response-surface experimental observations 

C Qf Qr V, Tf RRE RR1 FRE RC TWRC 
Qf 0.053 
Qr .034 -0.010 
V, .006 -.064 0.019 
Tf -.056 .048 ,031 -0.046 
RRE -.064 ,019 -.220 ,029 -0.439 
RRI -.480 -.211 .013 -.197 -.411 0.667 
FRE .661 .240 .134 -.608 -.098 .136 -0.105 
ERC -.274 ,538 .260 .606 -.092 .189 -.314 .599 -.006 -.242 .022 .391 -.195 ,208 -0.430 

.724 0.034 
SI ,699 ,232 .046 .064 .397 -.440 -.810 ,393 -.295 0.001 

Symbol Variable name Units 

: 
Fresh regenerant concentration, TDS 
Fresh regenerant flow rate 

9/L 

d 
L/min 

Recycled regenerant flow rate L/min 
v, Recycled regenerant volume L 
Tf Fresh regenerant temperature OC 
RRE Recycled regeneration effluent calcium sulfate supersaturation m moles/L 
RRI Recycled regeneration influent calcium sulfate supersaturation m moles/L 
FRE Fresh regeneration effluent calcium sulfate supersaturation m moles/L 
RC Resin capacity for calcium 
TWRC Time-weighted resin capacity for calcium 

eq/L 

SI Scaling intensity 
meq/(L*min) 
dimensionless 

A regression analysis was performed on these 
intensity data. For the RS runs from Phase 2 the 
following equation was formed: 

SI = 0.01 T,C,-5 

where 
SI = gypsum scaling intensity, 
Tf = fresh regenerant temperature, and 
C, = fresh regenerant concentration. 

It is notable the fresh regenerant flow rate, Of, did 
not appear as a significant control variable af- 
fecting scaling in the range of Q,from 3 to 8 L/min. 

Upon analyzing 28 runs which included values of 
0, up to 24 L/min, a different analysis emerged. 
The effect of 0, was significant in lowering the 
observed gypsum scaling intensity of the resin. The 
following equation was generated by multiple 
regression: 

SI = 0.011 T, - 0.25 0, - 3.8 

Curves using this equation are plotted in figure 21. 
Along the lines where SI = 0 and to the upper left on 
the graph, gypsum scaling was not perceived at the 
labeled temperatures. A progressively greater 

amount of gypsum scaling tended to occur away 
from these SI = 0 lines toward the lower right on 
the graph. Dashed lines indicate moderate amounts 
of gypsum scale intensity with SI = 5. Only at the 
high temperature of Tf=35 OC does a line for severe 
scaling, SI = 10, appear within the bounds of the 
graph. Thus, figure 21 graphically illustrates the 
gypsum scaling intensity as a function of the three 
significant independent variables and demonstrates 
how scaling can be avoided with low fresh re- 
generant concentrations, high regeneration flow 
rates, and low temperatures. 

Despite the apparent desirability for smooth IX 
operation to avoid gypsum scaling of the cation 
exchange resin, data do not support an improved 
TWRC if gypsum scaling is avoided. No correlation 
existed betweenTWRC andscaling intensity(table 
12). Thus, the net effect of gypsum scaling on the 
cation exchange performance of the resin are 
apparently not important. However, the effects of 
scaling on the hydraulics of the resin bed and 
piping are of concern and need to be addressed in 
an IX design. 

Gypsum Settling Tests 

In response to a request from the Division of Design 
(E&R Center), settling tests for gypsum were done 
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on an agitated suspension of the spent regenerant 
being recycled in tank 6. The purpose for the data 
was for a feasibility design of a regenerant recycling 
system for highrecoveryintheYDP.Thesuspension 
of gypsum contained 1.7 percent solids, calculated 
from a suspended solids analysis of 17.3 g/L as 
gypsum in a 30-g/LTDS solution. Temperature of 
the water in tank 6 was 28 OC. Since new spent 
regenerant had not entered tank 6 for several 
hours, chemical equilibrium was assumed. Six 
samples were collected at 5-minute intervals in 
1 ODD-mL glass volumetric cylinders from the side 
of tank 6 during agitation. Clarity of the solution 
was recorded by photography and measured by 
syphoning 1 00-mL aliquots from the 500-mL level 
of the cylinders and analyzing these samples for 
turbidity. 

Results are given in table 13. They indicate that 
nearly maximum clarity of the solution (turbidity 
less than 100 JTU) was achieved in less than 20 
minutes of settling time, but that the solutions 
were already relatively clear in 11 minutes. The 
photographs of this test are not reproduced here 
because the turbidity data adequately described 
the gypsum settling behavior. 

Table 13. - Gypsum settling tests - 
samples collected from agitated 

spent regenerant tank T-6 - 
September 29, 1979 

Sampling Sampling 
Cylinder time, duration, Turbidity, 

No.’ a.m. min2 JTU3 

: 
9:15 35 72 
9:20 30 82 

3 9:25 25 86 
4 9:30 20 82 

i 
9:35 15 114 
9:40 10 175 

1 Cylinder height or the distance between the 0 and 1000 
mL graduations was 362 mm. 
*Holding time in each cylinder between spent regeneration 
withdrawal from tank 6 and turbidity analysis. 
3 Turbidity was measured at around 950 a.m. in samples 
from each cylinder using Monitek, Inc. model 150. Mea- 
surementswere off scaletgreaterthan 500 JTU) 5 minutes 
after sampling. 

~aicrcr~ological Growth Causing High Plugging 

High plugging factors were measured in the feed 
water to the ED during much of the high recovery 
test program as shown on figure 22. Plugging 
factor (specifically defined in app. A) is a measure of 
the rate of plugging of a 0.45 pm-Pore-Size 

membrane filter caused by substances in the water 
and is presumably a measure of the desalting 
membrane fouling potential of the water. There 
was not a maximum plugging factor requirement 
for the ED test unit as there is sometimes for RO. 
Degradation in ED or IX performance was not 
noticeable during nearly 1 year of experimentation. 
The high plugging factors were suspected of being 
from a biological source, which could be controlled 
effectively by chlorination, if required. There was 
no immediate concern to try methods to lower the 
plugging factor in the ED feed water. By contrast, 
during earlier testing at YDTF, it was recalled that 
lonics, Inc. (proprietary data) had periodic problems 
from the buildup of biological slimes in their ED 
stack using low plugging factor, lime-pretreated 
feed water. Because of slimes, periodic chemical 
cleaning was required to limit increases in pressure 
drop through their stack. Such a problem did not 
occur in the high recovery ED. Nor was there any 
problem which can be attributed to an inadequacy 
in the IX pretreatment of the ED feed water. (Other 
equipment problems with the ED unrelated to feed 
water quality as given in app. F.) 

In the experiments at YDTF, there was no dis- 
infection of the water downstream of the feed to 
the IX. The lime-treated water was dechlorinated 
just prior to the IX to protect the cation exchange 
resin from oxidation by residual chlorine. Thus, the 
resin bed, piping, and storage tank 33 for IX product 
water (ED feed water) were never treated to limit 
biological growth. Also, they were not completely 
drained and cleaned for about a year. 

Because of the concern of the Division of Design 
(E&R Center) and the authors’ desire to character- 
ize the substances in the water which caused the 
high plugging factors -which probably would be 
important in RO operation -a limited investigation 
was done to identify the cause of high plugging 
factors in ED feed water. It included a contact4 
having experience with plugging factors under 
OWRT (Office of Water Research and Technology) 
contracts on IX-R0 operation at Roswell, New 
Mexico, and their RO testing of biological effects 
from seawater at St. Croix, Virgin Islands. Addi- 
tionally, specially collected samples of the high 
plugging factor pads were analyzed by the U.S. 
Geological Survey using SEM (scanning electron 
microscopy) including elemental X-ray spectra. 
Other pads were sent for special analyses for 
biological materials as described later in this section. 

4 Personal communication with A.5 Mindler, Group 
Leader - Permutit Research and Development Center, of 
Permutit Company, Princeton, New Jersey. 
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Figure 22.-Weekly average plugging factor in ED feed water. 



The group leader at Permutit Company related 
Permutit’s experience with high plugging factors. 
In general, they foresee a gradual increase of about 
2 in the silting index (corresponding to a plugging 
factor increase of 30 percent for a 15-minute 
reading) when chlorination of RO feed water is 
ceased. This increased plugging factor has been 
shown to result from biological growths in the 
water, especially periphytic (surface attaching) 
bacteria, which produce a glycoprotein polymer 
allowing them to attach to the inside of pipes and 
tanks. Glycoprotein material excreted by bacteria is 
the slime that is often the cause of high plugging 
factors. 

At Roswell, N.Mex., Permutit Company tested the 
same IX process with synthesized Wellton Mo- 
hawk Canal water that the authors tested at YDTF 
[17]. However, Permutit Company rechlorinated 
the IX product water and maintained a residual of 
chlorine in the IX product tank and feed to their RO 
to control biological growth. Their pilot plant was 
enclosed in a building. As a result, all of the 
plugging factors they measured in the IX product- 
RO feed were 50 percent or less. 

Under another OWRT contract, Permutit Company 
ran tests at St. Croix, Virgin Islands, to study the 
effects of biological materials fouling RO mem- 
branes [24]. The RO feed water was filtered and 
chlorinated seawater. A Permutit Company sub- 
contractor5 identified a number of periphytic bac- 
teria and their byproducts which contribute strongly 
to high plugging factors. Permutit Company found 
an acceleration in bacteria growth in water which 
was allowed to sit without flow in their system. 

To specifically characterize the material causing 
high plugging factors in ED feed, three special 
plugging factor measurements were made (on 
Sept. 28, 1978) on the ED feed (IX product after 
storage in tank 33) and lime-treated filter 9B 
effluent-which became IXfeed water after storage 
and dechlorination. The volume of water passed 
through in each 15-minute test and the mass of 
material collected on each 0.45-pm pore size 
cellulose acetate filter were specially measured. 

One filter each for ED feed water and filter 9B 
effluent were run by SEM, and another filter for ED 
feed water plus copies of the electron micrographs 
were sent the Permutit Company’s subcontractor 
for biological characterization. 

5 H. Winters, Professor of Biology, Fairleigh Dickinson 
University, Teaneck, New Jersey. 

The SEM’s on figures 23 through 32 were taken by 
the U.S. Geological Survey at the Denver Federal 
Center. They include micrographs of unused cellu- 
lose acetate filters (figs. 23 and 24). The five 
micrographs of the low plugging factor, filter-9B- 
effluent filters (figs. 25 through 29) show stringy 
material and a few discrete particles resting on the 
filters surfaces. The X-ray spectra analyses of an 
individual string and group of strings indicated no 
elements detectable with an atomic number 
greater than 10 (corresponding to sodium) that 
suggest organic material consisting of elements 
such as C, H, 0, N, etc. 

Particles shown on figure 29 vary in composition; 
the top particle gave a peak only for Si, the bottom 
particle contained Si, Al, and Fe, but the second 
particle from the top contained no detectable 
element greaterthan atomic number 1 O(organic?). 

The three micrographs of the high plugging factor, 
ED feed water filters (figs. 30 through 32) show a 
definite mass of material almost completely cover- 
ing over the Millipore surfaces and pores, obviously 
the cause of the high plugging factors. This ma- 
terial had no detectable spectral for elements 
greater than atomic number 10, which again 
indicates organic material and completely rules 
out any common inorganic precipitate such as 
gypsum, calcite, etc. Diatoms are shown, which 
gave off only the X-ray peaks for Si, one of the 
major constituents of diatoms. The other particles 
contained such elements as Si, Al, and Fe, which 
would be indicative of inorganic particles. 

Dr. Winters6 (hired as a consultant to the Bureau) 
interpreted the SEM’s and the results of organic 
chemical analysis of the ED feed water Millipore 
filter. He concluded that the stringy material and at 
least some of the discrete particles were probably 
bacteriological in nature. The large mass of material 
on filters from ED feed water consisted primarily of 
protein and hexose carbohydrate, which are build- 
ing blocks of various materials contained in and 
produced by bacteria. Also, Dr. Winters incubated a 
sample of the cationic exchange resin collected at 
YDTF and microscopically found slime-producing 
bacteria and protozoa. 

Further information on periphytic bacteria is cov- 
ered in references [25, 26, and 271. 

Thus, all of the evidence indicates that the high 
plugging factors in the ED feed were due to slime- 
like material of a bacteriological nature which 
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quickly plug the Millipore filters. Significant in- same IX process by Permutit Company at Roswell, 
organic material such as gypsum was not detected. New Mexico. Occasional flushing of the resin bed 
Bacterial growth occurred in the resin bed, piping, with formaldehyde solution when needed is recom- 
and IX product tank. The microbiological growth mended by resin manufacturers. Furthermore, 
and resulting high plugging factors can be controlled whenever the IX is shut down for more than a few 
effectively by chlorinating the IX product as demon- days, the resin should be kept in a 1 O-percent NaCl 
strated by low plugging factor performance of this solution to stop microbiological growth. 
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Figure 23.-Unused millipore filter-l. Note l~rn distance scale. No elements 
detected with atomic number greater than 10. P801 -D-80059 

Figure 24.-Unused millipore filter-2. P801 -D-80060 
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Figure 25.-Filter 9B effluent-l, plugging factor = 14 percent. Note filamentous 
material - suggesting bacterial appendages. P801 -D-80061 

Figure 26.-Filter 9B effluent-2, plugging factor = 14 percent. P801-D-80062 
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Figure 27.-Filter 9B effluent-3, plugging factor = 14 percent. PBOl-D-80063 

Figure 28.-Filter 9B effluent-4, plugging factor = 14 percent. Large filament has no 
detectable element above atomic number 10 - suggesting organic material. 
P801 -D-80064 
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Figure 29.-Filter 9B effluent-5, plugging factor = 11 percent. Top particle showed 
only Si. Second particle from top showed no element with an atomic number 
above 10 - suggesting bacteria. Bottom particle contained Si, Al, and Fe. 
P801 -D-80065 

Figure 30.-ED feed-l, plugging factor = 75 percent. Note diatom (Si)‘and possible 
mineral particle (Al, Si) to the right. P801 -D-80066 
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Figure 31.-ED feed-2, plugging factor = 75 percent. Note piece of diatom (Si) 
P801 -D-80067 

Figure 32.-ED feed-3, plugging factor = 75 percent. Note crack in surface coating 
over filter. It probably formed during SEM sample preparation. P801-D-80068 

55 



RECOMMENDATIONS 

Recommended Ion Exchange Cycle 

Based on analysis of IX data, a recommended IX 
cycle with about 92 percent desalting recovery is 
given in table 14. The conditions in table 14 are 
based on data from YDTF in which 0.10 m3 of 
Amberlite 200 resin in a 1.1 -m-deep bed was used. 
From figure 19, which was based on a fit of the IX 
data, the predicted TWRC is 1.42 meq/(L*min). 
Using other results from run 4.02.42, which was 
similar to the recommended cycle, the normal (not 
time-weighted) specific resin capacity is 0.47 eq/L 
of Cat2. Average water compositions for run 4.02.42 
are given in table 15. Curves for major cation 
concentrations versus bed volume in the rinse, 
service, and regenerant effluents are shown on 
figures 33 and 34. The lWRC might be increased 
using a higher exhaustion flow rate than was 
tested, but at this time it is not possible to predict 
the amount of increase in TWRC. 

A further modification of the tested IX cycle as 
listed in table 14 is that the rinse effluent should 
not be sent to waste as in common ion exchange 
operation. This would lower overall process water 
recovery. The first portion of rinse effluent, about 
one-half of a bed volume, should be recycled as 
regenerant. The remaining portion prior to service 
should be recycledtothefeedof the lime-treatment 
system, which would require a fractionally larger 
pretreatment capacity to reprocess the recycled 
portion of the rinse effluent. 

The recommended resin type is the common gel- 
type cation exchange resin made a sulfonated 
styrene-divinyl benzene copolymer used in count- 
less water softeners and in demineralization. 
Manufacturers’ designations for reference only 
include: 

Amberlite 1%120 (Rohm and Haas) 

Duolite C-20 (Diamond Shamrock) 

Dowex HCR (Dow Chemical) 

lonac C-249 (Sybron) 

Permutit 0100 

Others equally suitable 

The reason that this common gel-type is recom- 
mended over the macroreticular-type tested at 
YDTF is: 

1. 

2. 

3. 

4. 

5. 

Cost is lower for the gel-type. 

Availability is greater for the gel-type. 

Resin capacity is about 8 percent higher for 
the gel-type so the amount of resin re- 
quired is about 8 percent less. 

There is less potential for problems due to 
calcium sulfate scaling with the gel-type. 

The higher physical strength of the macro- 
reticular-type resin is not needed in the 
present application. 

Gypsum-scale-free operation was demonstrated 
clearly using high regenerant flow rates and re- 
generant recycling, and this also can be expected in 
a large plant. But in a case of an emergency 
situation, such as if regenerant flow were suddenly 
stopped with regenerant still in contact with the 
resin because of an equipment or power failure, 
the resin could become scaled. The macroreticular 
resin contains pores inside which calcium sulfate 
precipitate conceivably could form, although this 
has not been proved. Gel-type resin does not have 
pores, for the gel beads have a smooth solid 
spherical surface into and out which the cations 
diffuse but not the anions (sulfate). Thus, since any 
calcium sulfate scale formed in a gel-type resin bed 
would exist outside the beads, the scale could be 
dissolved more easily by rinsing with feed water a 
solution containing 1 O-percent sodium chloride or 
most rapidly with hydrochloric acid. This was 
demonstrated successfully in later tests of saline 
water at LaVerkin Springs in southwestern Utah 
using gel type resin (Dowex HCR but other brands 
are equal)[28]. The resin capacity also would be 10 
to 15 percent greater in a large plant (2-m-deep 
resin beds) compared to the present experiments 
(1 -m-deep beds) because the performance would 
be more efficient in a deeper IX bed. The com- 
pounding of these factors (8 percent improvement 
for gel-type resin and 10 percent increase from 
greater bed depth) results in a projected resin 
capacity of 0.55 eq/L Cat2. The conditions in table 
14 do not include these correction factors, which 
would increase resin capacity and exhaustion 
throughput volume. 

The previous high recovery feasibility design [6,8] 
used a conservative estimate of resin capacity less 
than that found in the present experiments. In the 
design, limits also were assumed on the possible 
recoveries with self-sustaining IX operation using 
only fresh brine regeneration. It was presumed that 
if the sodium ion concentrations in the reject brine 
were less than 10 g/L (about 91 -percent recovery), 
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Table 14. - Recommend IX cycle. A cycle with 35 g/L TDS reject brine regenerant, 
based on a resin bed volume BV of 100 L and bed depth of 1 m of cation exchange 

resin, regenerant temperature less than 3 1 OC 

Throughput Duration, 
Mode name Input output volume, BV min 

Exhaustion IX feed RO feed 68.0 228 
Drain 1 - RO feed 0.4 2 
Regeneration 1 Recycled reg. Waste 2.5’ 
Regeneration 2 Recycled reg. Reg. recycle 15.8* 2 
Regeneration 3 RD reject Reg. recycle 23 
Drain 2 - Reg. recycle 3 
Rinse IX feed Reg./feed recvcle 10 
Total cycle time ............................. 344 min 
Resin capacity .............................. 0.47 eq/L of Cat2 
Time-weighted resin capacity ................ 1.4 meq/(L-min) of Ca+z 
Calcium removal efficiencv .................. SO percent 

1 Volume and flow rate to maintain a 50-percent bed expansion for 10 minutes. 
* Based on a 24 L/min flow rate. 

self sustaining IXoperationswouId not be possible, 
and supplemental sodium chloride would need to 
be added tothe reject brine regenerant. Also, in this 
design it was assumed that 92.89 percent was the 
maximumrecoveryachievablebecausethevolume 
of regenerant available at higher recoveries was 
insufficient. Experiments at YDTF have shown that 
these two conservative assumptions are incorrect. 
Self-sustaining operation was demonstrated con- 
sistently over a range of 85.5- to 94.3: percent 
nominal desalting recovery. Only one of the 42 
Phase 2 and Phase 3 IX runs was not self- 
sustaining. That was run 3.11 B, which used the 
highest recovery (94.3 percent, 50-g/L TDS) re- 
generant brine and feed water backwash with no 
recycled regenerant. The use of recycled regenerant 
in all other IX runs eliminated this limitation of low 
fresh regenerant volumes, which accompany the 
highest recovery operations. The 6.7-g/L sodium 
concentration in the 20-g/L TDS fresh regenerant 
(85.5-percent recovery) was still more than ade- 
quate to regenerate the cation exchange resin, and 
there was not evidence that this concentration was 
close to a lower limit for a completely closed loop 
operation without supplemental sodium chloride. 
Information in appendix I sheds light on the behavior 
of this IX process. 

Further Design Suggestions 

For recoveries less than about 90 percent there is 
not apparent justification for the addition of SHMP 
to desalting unit feed considering the low calcium 
effluent of the ion exchange. The SHMP ending in 
the reject brine would alsoslowthe rate of recycling 
the regenerant, although even with SHMP, reuse 

of regenerant is recommended. Savings in SHMP 
costs would be about $1 million annually for the 
YDP if SHMP was not used. Generally, SHMP use 
for high recovery is not recommended. 

Consideration also should be given to only passing 
a portion of the lime-treated water through the IX. 
The fraction of water which would bypass the IX 
would be blended priortothe RO with the remaining 
fraction treated by IX. The fraction treated by IX 
would be determined by the allowable calcium in 
the RO feed, a function of desalting recovery. For 
example, using the values in table 14and 15 for the 
recommended cycle at 91.8-percent recovery, 
which requires less than about 29 mg/L average 
calcium inthefeedforgypsumscaleatequilibrium, 
95 percent of the water would require IX treatment 
and the other 5 percent could bypass the IX. For 
lower desalting recoveries, the bypass could be 
greater. Whether SHMP in the RO feed is to be 
used under such a scheme can be considered also. 
Because the size of the IX equipment is proportional 
to the fraction of the flow passed through the IX, 
considerable cost savings would result from the 
partial IX treatment. The resin capacity of the IX 
also would be evidently greater than in the present 
experiments under such a scheme. This is because 
the entire desalting plant reject would be available 
as regenerant whereas only a portion of the 
desalting feed water would have been softened 
by IX. 

There are several recommendations for controlling 
biological growth in the IX system. The suggestions 
are based on resin manufacturers’ recommenda- 
tions. Chlorine residual in the feed to the IX should 
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be kept at or near zero, because the cumulative 
effect of higher chlorine levels would result in 
gradual deterioration of the cation exchange resin. 
Disinfection should be maintained in the IX product. 
All tanks and piping should be drained if the IX 
system is shut down for more than about a month. 
Resin can be stored long term in-place in a lo- to 
15-percent sodium chloride solution, which will 
inhibit biological growth in the resin bed and serve 
as regenerant when the IX is restarted. If biological 
growth should occur at any time in the resin bed, 
backwashing and rinsing with a 1 -percent formal- 
dehyde solution will sanitize the bed. Alternatively, 
the resin bed also can be flushed safely with a 
caustic solution to remove any slime buildup that 
might occur. 

Gypsum scaling of regenerant effluent piping could 
occur due to thesupersaturated regenerant effluent. 
It is best eliminated by collecting the spent re- 
generant just above the resin bed and by using 
minimum pipe diameters and lengths to speed the 
spent regenerant to the regenerant recycling sys- 
tem. For minimum retention time of regenerant 
effluent in the piping the best location for regenerant 
recycling is adjacent to the ion exchangers. Keeping 
the residence time of the spent regenerant low 
should minimize gypsum scaling since it takes 
some time for precipitation and scaling to begin. 
The piping also should be drained and flushed with 
a small volume of feed water at the end of re- 
generation. But probably the most effective means 
to prevent a gypsum buildup in the piping is to 
design for common flow of IX feed water and 
regenerant effluent. In pilot plant locations, of such 
common piping, therewas never a buildupof scale, 
for any gypsum adhering to piping during re- 
generation was readily redissolved during rinse 
and exhaustion. 

Future Development Studies for Yuma High 
Recovery 

While data contained in this report may be suff icient 
for an experienced IX designer to develop a YDP- 
type high recovery IX pretreatment design, addi- 
tional study would probably yield a more optimal 
final design. 

Operation of a full-size IX bed would verify sizing up 
to a large bed regenerated with RO reject brine, 
which has never been specifically demonstrated. 
This could include different flow distributor designs 
if necessary. Regenerant effluent piping design 
could include the recommendations presented in 
the previous section on methods of eliminating 
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gypsum-scale buildup inside the piping. Recom- 
mended methods for stopping microbiological 
growth to keep plugging factors low also could be 
demonstrated. Data should be collected to predict 
the effect of higher exhaustion flow rates on 
TWRC. Testing of continuous ion exchangers 
should be considered, also. 

A resin holddown procedure to maintain a compact 
resin bed during upflow regeneration [29] has been 
demonstrated successfully at LaVerkin Springs 
[28]. The procedure uses a low-pressure com- 
pressed air flow from above the bed to hold down 
expansion while regenerant flowing upward from 
the bottom of the column exits through special 
distributor-collector piping located in the top of the 
bed at the middle of the column. Benefits include 
better contact for mass transfer between regenerant 
and resin and higher possible regenerant flow 
rates, which would yield a lower regeneration time, 
and higher TWRC. Resulting performance with a 
compacted bed at LaVerkin Springs showed higher 
resin capacities and less potential for resin scaling 
as compared to performance using fluidized bed 
regeneration. Less gypsum precipitation may occur 
in a compacted resin bed because the residence 
time of regenerant in the bed during which gypsum 
can form is much less than with a fluidized bed. 
This procedure should be tested on lime-treated 
Wellton Mohawk Canal water if this IX system is to 
be used for the Yuma Desalting Plant. 

There is one significant advantage of an IX-ED 
combination over an IX-R0 combination. Pretreat- 
ment removal of silica is not necessary for ED 
(unless the feed is already at silica saturation) 
because ED does not concentrate silica at near 
neutral or acidic pH when the silica is unionized. 
Silica removal is more often necessary for RO 
because RO concentrates silica, and supersaturated 
silica will scale the membrane and ruin it. When 
high-lime softening is used for silica removal for 
RO, additional calcium is introduced from the 
higher lime dosage. This additional calcium then 
must be removed by the IX prior to the RO. A 
smaller, more efficient, more economical IXsystem 
generally would be possible with ED because this 
additional lime for silica removal and the resulting 
increased calcium are unnecessary. In the high 
recovery feasibility design [6] the feed water re- 
quirements for RO and ED were assumed to be the 
same. Clearly, this is erroneous because of the 
different silica requirements for RO and ED and 
does not take this basic advantage of ED into 
account. It is recommended that in the future the 
different pretreatment requirements for silica 

removal be considered whenever RO and ED are 
compared. 

General Studies 

Nearly all experimental work on cation exchange 
softening pretreatment with reject desalting brine 
regeneration has used site-specific water com- 
positions. Systematic study has not determined IX 
performance as a function of the water com- 
position nor defined limits of composition to which 
this process is applicable. The need for such work is 
illustrated by the conclusion in the report of 
Haugseth and Beitelshees [lo] that the ratio of Na 
to Ca in equivalents should be greater than 1.8 in 
the IX feed to achieve IX operation with reject brine 
regeneration only. This conclusion is questionable 
because it is based on extrapolating experimental 
data using only one feed water composition. Con- 
sideration was not given to either regenerant 
recycling nor allowance for the importance of 
differences in brine-feed TDS concentration as a 
regeneration driving force as explained in appendix 
I. A systematic theoretical and laboratory study 
could establish the composition dependency and 
limits of the process. Such a study should include 
the development of a model for predicting - by 
computer -ion exchange performance and re- 
quired ion exchange equipment size for pretreating 
a particular water composition. 

Such experiments would be best accomplished in 
small diameter (about 25 mm), 2-m-high columns, 
water jacketed with temperature control. Different 
water compositions could be made synthetically 
using various salts. Different regenerant tempera- 
tures could be tested. 

More study in the area of gypsum precipitation 
kinetics would be valuable, especially under con- 
ditions similar to those in reject-brine-regenerated 
cation exchange. Experimental results could be 
used to model gypsum precipitation and scaling 
rates. Such a model could be useful to better define 
operating limits for scale control in resin and 
piping. The importance of water composition, temp- 
erature, mixing rate, and gypsum seed crystal 
composition would be important dependent varia- 
bles, Use of a calcium specific ion electrode could 
provide nearly instantaneous calcium activity data 
useful in the modeling. One intriguing application 
could be to intentionally feed gypsum crystallites 
with recycled regenerant during upflow fluidized 
resin regeneration; the effect of this theoretically is 
that scaling of resins would be abated and regen- 
eration efficiency improved. The calcium specific 
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ion electrode may serve also as a means of mea- 
suring calcium ion breakthrough of the cation 
exchanger. 

Controlling Colloidal Fouling of Reverse Osmosis 
Membranes Using Cation Exchange Softening 

After the completion of these high recovery ex- 
periments, the proof testing atYuma Desalting Test 
Facility showed greater water productivity decline 
rates of the RO units than was projected in the 
manufacturers’ proposals. Colloids and organic 
materials in the feed water fouling the RO mem- 
branes may have been a contributing factor to the 
performance decline. Significantly better removal 
of colloids by the existing pretreatment scheme 
may not be possible and additional equipment to 
better remove the fouling substances may be 
justified. Alternatively, rather than removing addi- 
tional colloids prior to RO, colloidal fouling may be 
controlled by stabilizing colloids to prevent their 
coagulation in the RO units. This stabilization could 
allowthecolloidstopassthroughtheROequipment 

in the reject stream without fouling the membrane 
surface. 

Presently, cation exchange softening is the only 
practical technique known to accomplish such 
colloid stabilization [32]. Softening (replacing mul- 
tivalent cations with monovalent sodium and po- 
tassium) increases the double layer thickness and 
the effective electrical charge of the colloids. Both 
of these effects increase colloid stability and retard 
their coagulation. The zeta potential of colloids 
usually will double after a high level of softening. In 
obtaining thoroughly effective stabilization, soft- 
ening must be nearly complete-assume to an 
effluent hardness level of less than 5 mg/L [32]. 
But even a lesser level of softening may lower the 
rate of colloid coagulation significantly. 

Stabilizing colloids through cation exchange pre- 
treatment remains an area needing more research 
and demonstration. This could prove to be another 
significant advantage for the use of cation exchange 
pretreatment for RO and ED. 
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Backwash -The name of the initial upflow mode 
of an IX cycle following exhaustion, used to 
flush foreign particulate material from the 
resin bed and to reduce compaction of and 
reclassify the resin bed prior to regeneration 
of the cation exchange resin. 

Breakthrough - Rapid increase in the concen- 
tration of the absorbed ion in the exhaustion 
effluent, which indicates a nearly exhausted 
resin with respect to that ion. 

BV - Bed volume, volume of water in liters divided 
by the resin bed volume in liters, dimen- 
sionless. 

C - Solution concentration, also the fresh re- 
generant (C,) or ED reject brine concentration 
of total dissolved solids in mg/L, g/L, or 
g/m3. 

Ca - Calcium. 

Ca” - Calcium ion. 

CaSO,*2H,O - Calcium sulfate dihydrate 
(Gypsum). 

Cation exchange - Ion exchange involving posi- 
tively charged ions called cations. 

Cocurrent - Refers to an IX cycle with the ex- 
haustion and regeneration operated in the 
same flow direction. 

Countercurrent - Refers to an IX cycle with ex- 
haustion and regeneration operated with op- 
posite flow directions. 

CSS - Calcium sulfate supersaturation, quanti- 
tatively the amount of gypsum in moles/L 
that would precipitate at equilibrium from a 
supersaturated solution of calcium sulfate. 

Cycle - A set of the different sequential process 
steps that make up the ion exchange process. 

Drain - Removal by gravity of solution from the 
resin bed and IX column prior to a mode to 
promote a faster change in effluent solution 
concentration at the beginning of a new ion 
exchange process step. 

ED - Electrodialysis. 

APPENDIX A - GLOSSARY 

EDTA - Ethylenediaminetetraacetic acid, a white 
crystalline acid used as a chelating agent. 

E.F. - TDS concentration of a solution in mg/L 
divided by electrical conductivity in j&S/cm. 

Electrodialysis -A desalination process driven by 
an electromotive force (direct-current voltage) 
applied to electrodes on either side of pair(s) 
of ion-selective membranes of opposite 
charge. The voltage causes ion diffusion 
through the membranes yielding dilute(prod- 
uct) and concentrate (reject) streams. 

Elution - Removal of absorbed ions and replace- 
ment by co-ions from the IX resin during 
regeneration. 

End point - Termination of exhaustion occurring 
at breakthrough. 

Equivalents - The mass of an ion present in 
grams divided by its equivalent mass. 

Equivalent mass - The atomic or molecular 
weight of an ion divided bythe absolute value 
of the ionic charge of the ion. 

eq/L - Number of equivalents of ions absorbed 
per liter of resin in exhaustion mode, which 
are the units for (specific) resin capacity. Also 
can be the ionic concentration in a solution in 
which case it is per liter of solution. 

Exhaustion -Also called service; the mode of an 
ion exchange cycle during which feed water 
is being treated by ion exchange to remove 
one or more undesirable ions. 

E&R Center - Engineering and Research Center, 
Bureau of Reclamation, PO Box 25007, 
Denver, Colorado 802254007. 

F - A statistical measure by which to judge the 
significance of a term in an equation genera- 
ted by multiple regression. 

Formaldehyde - Colorless, toxic, water-soluble 
gas (CH20) used in aqueous solution as a 
disinfectant and preservative against biologi- 
cal growth. 

FRE - Fresh regeneration effluent. 

gal/d - Gallons per day. 

65 



Gel -A type of ion exchange resin consisting of 
rigid spheres of styrene-divinyl benzene co- 
polymer. The selective exchange of ions occurs 
at the surface of the resin beads as the ions of 
positive or negative charge diffuse into and 
out the resin beads, but not the ions of the 
opposite charge. 

Glycoprotein -Any of a group of complex proteins 
containing a carbohydrate combined with a 
simple protein, often a product of micro- 
biological activity. 

Gypsum - Calcium sulfate dihydrate (CaSO,, 
2H,O), a solid crystalline form. 

Hardness - Multivalent cations, chiefly calcium 
and magnesium. 

Ion exchange -A process by which certain ions of 
a given charge are absorbed from the influent 
solution by an aborbent (ion exchange resin) 
and are replaced in the effluent solution by 
equivalent amounts of other ions of the same 
charge from the absorbent. 

IX - ion exchange. 

JTU -Jackson turbidity unit. 

Leakage - For ions being absorbed from the 
feedwater during IX exhaustion, the appear- 
ance of some of those ions in the exhaustion 
effluent water. 

Macroreticular -The physical structure of the ion 
exchange resin where each bead consists of a 
small sphere with a rigid sponge-like structure 
containing numerous relatively large pores 
into which a solution can pass in contrast to 
gel-type. 

Mg - Magnesium. 

Mg+* - Magnesium ion. 

Mode -One of the discrete process steps in an ion 
exchange cycle. 

N/A - Not applicable. 

Na - Sodium. 

Na+ - Sodium ion. 

NaCl -Sodium chloride, common chemical (salt) 
used to regenerate cation exchange resin in 
the sodium cycle. 

ND - Not detected. 

Plugging factor - It is an analytical measure 
usedtoquantifythepotentialofawatercompositiin 
to foul (decrese product water transport 
through) a desalting membrane. Plugging 
factor is computed by: 

Plugging factor = (l-2 ) 100 

where t, is the time for 0.38 m of water to 
pass through a new 0.45-pmpore-site mem- 
brane filter at an applied pressure of 207 kPa, 
and t, is the same measurement after the test 
water has been passed through the filter for 
15 minutes at 207 kPa of applied pressure. 

Pretreatment - Water conditioning prior to de- 
salting to prevent fouling and chemical scaling 
of the desalting equipment. 

PVC - Polyvinyl chloride, plastic material used to 
make pipe, valves, pumps, etc. 

0, - Fresh regenerant flow rate, L/min. 

Qp - Ion exchange plant capacity, L/min. 

0, - Recycled regenerant flow rate, L/min. 

R2 -A statistical measure, the fraction of the total 
variation of a dependent variable which is 
accounted for by an equation containing 
independent variables. 

RC - Specific resin capacity in eq/L usually for 
calcium removal in this report. 

R - Desalting recovery, the ratio of product water 
volume to feed water volume expressed as a 
percentage. In these experiments, usually it 
was calculated indirectly from the ED feed 
TDS concentration, fresh regenerant TDS 
concentration, and a projected design TDS 
concentration of 473 mg/L in the desalted 
product using equation 1. 

Regenerant -The chemical solution used during 
regeneration to return an ion exchange resin 
to the desired ionic form for further absorption 
of the ion requiring removal during service or 
exhaustion. 
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Regeneration - The mode for replacement from 
the ion exchange resin of the ions removed 
from the process solution during service or 
exhaustion. Performed by passing through 
the bed, a solution containing a high concen- 
tration of the ion desired in the resin. 

Reject -The concentrated solute stream or brine 
of a desalting process, usually considered the 
waste stream. 

Residual - An observed (experimental) value 
minus the corresponding value predicted by a 
best fit equation for that observation. 

Resin - Here, the synthetic beads of polystyrene- 
divinyl benzene copolymer which are further 
treated chemicallyto give the properties of ion 
exchange. 

Resin capacity (specific) -Aquantitative measure 
of equivalents of ion or ions absorbed by a 
resin per volume (or mass) of resin, which is a 
function of the resin properties, the water 
composition, and IX operating conditions. 

Reverse osmosis -A desalting process in which a 
semipermeable membrane is used to separate 
dissolved solids from water with an applied 
pressure greater than the osmotic pressure 
as the driving force. 

RO - Reverse osmosis. 

RRE - Recycled regeneration effluent. 

RRI - Recycled regeneration influent. 

RS - Response-surface experimental design. 

S - Siemen. 

SEM - Scanning electron microscopy. 

Service - Synonymous with exhaustion, which is 
the preferred term. 

SHMP - Sodium hexametaphosphate precipita- 
tion or scale inhibitor, used here to retard 
gypsum formation. 

SI -Scaling intensity, a semiquantitative measure 
of gypsum scaling of the IX resin based on 
observations noted in the operators’ log. 

SiO, - Silica. 

Slippage - Same as leakage. 

Soda - Sodium carbonate, Na3C03, or soda ash 
(mineral). 

Softening-Removal of hardness(multivalent ions)- 
chiefly calcium and magnesium-from water. 

SOi* - Sulfate. 

tc -Time duration of an ion exchange cycle, min. 

7, - Fresh regenerant temperature, degrees 
Celcius. 

TDS -Total dissolved solids in a solution, usually 
a concentration in mg/L, g/L, or g/m3, de- 
termined in the laboratory by summation of 
individual ion analyses or by evaporation. 
TDS can also be estimated from a conductivity 
measurement. 

Train IV - Name of the lime-softening-clarifi- 
cation system which provided partial pre- 
treatment for the IX experiments at theYDTF. 

TWRC -Time-weighted resin capacity, thespecific 
resin capacity divided by the cycle curation in 
minutes, in meq/(Lamin). 

V, - Exhaustion volume, L. 

“f- Fresh regenerant volume, L. 

“; - Fresh regenerant volume theoretically pre- 
dicted from V, and R. 

V resin - Volume of ion exchange resin, L. 

V, - Recycled regenerant volume, L. 

V, - Service volume, L, same as V,. 

V, - Fresh regenerant volume, L, same as V,. 

WM - Wellton-Mohawk, refers to the irrigation 
district in the westernmost portion of theGila 
River Valley in Arizona producing the saline 
irrigation drainage water which fed theYuma 
Desalting Test Facility and to feed the future 
Yuma Desalting Plant. 
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YDP - Yuma Desalting Plant. 

YDTF - Yuma Desalting Test Facility. 

Zeta potential - A measure of the charge and 
mobility of collodial particles in solution. The 
higher the absolute value, the more likely are 
the colloids to remain stabilized in solution 
and not coagulate. 
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APPENDIX B - DATA FROM PHASE I 

A detailed description of the results of Phase I 
experiments is presented in chronological order. 
Tables and figures describing the results of cycles 
1.03.28, 2.01.09, 2.01.76, 2.01.137, 2.01.156, 
2.01.174, 2.01.202, and 2.01.213 are at the end 
of this appendix. 

Reject Brine Versus Sodium Chloride for Regen- 
eration 

The IX cycles 1.03.20 through 1.03.49 used a 3.0 
percent sodium chloride regenerant and were 
conducted to supply feed water for the ED startup, 
initial ED testing, and ED production of the initial 
supply of go-percent recovery desalting brine re- 
generant. Partially lime-treated feed water from 
Train V was used. Cycle 1.03.28 (table B-3) was 
typical of these runs with a sodium chloride 
regenerant. 

Cycles 2.01.01 through 2.01.47 were the first 
exploratory experiments using the ED brine for 
regeneration. A backwash using feed water was 
used in cycles 2.01 .Ol through 2.01.09. 

The operating conditions were similar for cycles 
1.03.28 Qble B-3) and 2.01.09 (table B-4). Only 
the regenerant composition was different. A per- 
formance comparison is possible between using 
3.0-percent sodium chloride regenerant and reject 
brine regenerant derived from lime-softened Wel- 
ton-Mohawk Canal water concentrated to 26700 
mg/L. The 0.149-meq/L resin capacity for calcium 
removal using the ED brine as regenerant is 21 
percent less than the 0.188 meq/L using 3.0 
percent sodium chloride. Similarly, the resin ca- 
pacity for total hardness removal (calcium plus 
magnesium) was 17 percent less using ED brine 
regenerant under these conditions. This type of 
difference is expected since, compared to the reject 
brine regenerant in 2.09.09, the sodium chloride 
regenerant in 1.03.28 had a 23 percent greater 
sodium ion concentration. 

Note, however, the brine regeneration of cycle 
2.09.09 was not self-sustaining in that 371 Lof ED 
brine were used but only about 245 Lof brine could 
be made at go-percent recovery (2453-L exhaustion 
volume concentrated tenfold yields 245 L of brine). 
Subsequent exploratory experiments were aimed 
toward determining ranges of conditions during 
which self-sustaining brine regeneration occurred. 
That is, the volume of ED brine used for regeneration 

per cycle was balanced with the volume which 
could be made by concentrating the amount of IX 
product water made per cycle at the set desalting 
recovery. 

Exploring Fresh Brine Regeneration Flow Rates 

Starting with cycle 2.01 .lO, the backwash was 
eliminated and the entire ED brine regeneration 
was done at a much higher flow rate tofluidize the 
bed to approximately 50-percent bed expansion. 
This was an attempt: 

m to carry out the physical requirements served 
by a backwash in removing fines from the bed 
and reclassifying the resin particles, 

n to minimze any opportunity for calcium-sul- 
fate-precipitate formation and retention in a 
compacted bed, and 

l to eliminate the wastage of feed water in the 
backwash. 

Feed water use for backwash has the net effect of 
lowering overall water recovery of the total system 
if the backwash effluent is not recycled. 

From the small service volumes, it became ap- 
parent that the use of the 240 Lof fresh regenerate 
was poor under these regeneration conditions. The 
amount of IX product-ED feed being generated 
through cycle 2.01.23 averaged only 1200 L. This 
resulted in only about 120 Lof go-percent recovery 
ED brine per cycle and, thus, these cycles were not 
nearly self-sustaining in the amount of regenerant 
brine that could be produced. 

An effluent limit of 1 .O meq/L calcium was used to 
terminate the exhaustion mode up to cycle 2.01.23. 
In an effort to increase the exhaustion throughput 
volume, the effluent limit was increased to 1.4 
meq/L calcium for cycles 2.01.34 through 2.01.37, 
but an average of only 1450 L of IX product was 
produced, and the average calcium level in the 
product increased significantly. 

In further attempts to increase service throughput, 
the effluent limit was increased again to 2.0 meq/L 
and the regeneration flow rate decreased to 10 
L/min for cycles 2.01.38 through 2.01.47. The 
results were - unexpectedly - even poorer with 
an average of only 750 L of IX product per cycle. 
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Some of this decline was probably due to the 
elimination of the backwash. 

During this long series of cycles containing small 
service volumes, the stock of ED brine gradually 
became depleted because of the inadequate supply 
of IXproduct-EDfeedfor making enough regenerant 
brine for self-sustaining operations. 

Because of an operator’s mistake, the remaining 
stored ED brine was drained to waste. During 
cycles 2.01.49Athrough 2.01.57A, sodium chloride 
regenerant was used so that more ED brine could 
be made. This also served to return the resin in 
column 1 to a nearly fully-regenerated state prior to 
subsequent experiments at other conditions. 

During cycles 2.01.58 through 2.01.77, higher 
recovery (93.6 percent, 42 g/L TDS) ED brine was 
used as fresh regenerant after a preceding mode 
using recycled regenerant from tank T-5. During 
cycles 2.01.58 through 2.01.60, all the regene- 
ration effluent, including that from regeneration 1, 
was returned to tankT-6 in an effort to build up the 
recycled regenerant stock more rapidly. This attempt 
to recycle temporarily all the regenerant was 
discontinued when it was realized that the initial 
portion of regeneration effluent consisted largely of 
feed water in the column from the previous ex- 
haustion mode, which was diluting the regenerant 
in tanksT-5 andT-6. During subsequent cycles, the 
first portion (at least 190 L) of the regeneration 
effluent was sent to waste to avoid diluting the 
recycled regenerant. 

It should be noted that one practical limitation of 
the present experimental system was that about 
the last 90-L of fresh regenerant effluent per cycle 
could not be recycled because it could be drained 
only by gravity to waste. An additional sump and 
pump would have been necessary to transfer this 
90-Ldrained up to the recycling tank. In a prototype 
plant, this drained regenerant should be collected 
and recycled. 

Operating conditions for cycles 2.01.61 through 
2.01.69 are summarized in table B-l. Under these 
conditions calcium leakage was high (2.0 meq/Lor 
greater once equilibrium was reached) and the 
mean exhaustion volume was 1175 L at a calcium 
breakthrough point of 3.0 meq/L. These exhaustion 
volumes provided insufficient ED feed to provide 
the volume of fresh regenerant used at go-percent 
recovery. 

The fresh regenerant flow rate was lowered from 
10 L/min to about 3 L/min starting with cycle 

2.01.70. The fast rinse mode also was eliminated 
in all subsequent cycles because the effluent 
quality after the slow rinse step alone was entirely 
adequate for initiating the service mode. That is, by 
the end of the slow rinse, the calcium and sodium 
concentrations of the rinse effluent were lowered 
to levels of typical initial exhaustion effluent. 

Cycle 2.01.76 (table B-5) included the first set of 
conditions tested which resulted in a greater volume 
of fresh brine generated than used for fresh 
regenerant. Apparently, the lower fresh regenerant 
flow rate was a critical control variable. It could be 
adjusted to give a longer contact time between the 
fresh regenerant and the resin and a more compact 
resin bed to increase cationic mass transfer rates 
between the regenerant and resin. The result of 
proper adjustment was a greater resin capacity. 

These last two series of cycles indicated that the 
fresh regenerant flow rate had to be something 
less than 10 L/min with the other operating 
conditions specified, including no recycled re- 
generant, for satisfactory IX performance. This flow 
rate was considerably lower than expected. 

Start of High Lime-softened Feed Water 

During the following group of IX cycles (2.01.78 
through 2.01 .174), the ED was operated intermit- 
tently at about 94-percent recovery to yield a 
regenerant brine concentration of about 50 g/L 
TDS. During the initial ED testing, this concen- 
tration was found to be the highest that could be 
achieved reliably using the present ED configura- 
tion while anticipating the historic seasonal varia- 
tion of feed salinity. (With the lowering of feed 
salinity, it would be more difficult for the ED to 
reach the highest brine concentration.) Consid- 
erable mechanical difficulties with the ED unit - 
particularly motorizedvalve and brine pump failures 
(see app. F) - lowered the rate of experimentation 
during this period. 

Prior to cycle 2.01 .1076A, all feed water to the IX 
had come from Train V and had a composition 
representative of the YDP operating at 70-percent 
desalting recovery. For cycle 2.01 .106A and all 
subsequent cycles, the IX feed water came from 
Train IV operated with a higher reaction zone pH 
and greater retention time to promote silica removal 
as required for high recovery RO. This high lime- 
pretreated water also contains more calcium and 
less magnesium. 

The first IX data cycle completed at the highest 
recovery was 2.01.137 (table B-6). A relatively 
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small volume of recycled regenerants was used at 
a high flow rate, and a low fresh regenerant flow 
rate was used. 

Owing to an operation error in collecting samples, 
the last two points of the exhaustion effluent 
concentrations of calcium and magnesium had to 
be salvaged from the operators’ calcium and total 
hardness titration data; whereas, the remainder of 
the concentration data came from samples sub- 
mitted to the YDTF Chemistv Laboratory. As a 
further consequence, the reported composite con- 
centrations of the service effluent are representative 
of only the first 44 bed volumes, because the last 
portion of the service effluent (when hardness 
leakage was highest) was not sampled for obtaining 
laboratory analyses. 

For cycle 2.01 ,137, the amount of fresh regenerant 
used (300 L) balanced reasonably with the brine 
that could be made from the exhaustion effluent 
(5120 L). From the TDS of the regeneration 3 
influent (41 259 mg/L) and the service effluent 
(3141 mg/L) and by assuming a 473-mg/L product 
TDS in the future high recovery YDP, a recovery of 
93.5 percent can be calculated using equation 1. 
The projected brine production for this cycle was 
(1 -0.935)(5120 L)=355 L. In actuality, the present 
experimental ED unit had a significant portion of 
feed (about 1.4 L/min) lost as electrode rinse, and 
the product had a varying salinity (ranging 600 to 
1000 &cm conductivity) and generally higher 
average TDS (roughly 500 mg/L). 

Because of these losses, it was estimated that the 
ED unit produced about 317 Lof brine underthese 
conditions, or 5.4 percent less than the theoretical 
335 L. Although, in this case, 317 L still exceeded 
the 300 L used; this illustrates a major reason for 
the occasional intervening IX cycles using sodium 
chloride regenerant needed to provide feed to the 
ED for replenishing the fresh regeneram brine 
stock in tankT-28. Usually, the alternate IX column 
2 was used during sodium chloride regeneration to 
avoid disturbing the prevailing ionic equilibria 
conditions established in cation exchange resin of 
the experimental column 1. 

During cycles 2.01 .138 through 2.01.146, a feed 
water backwash replaced the use of recycled 
regenerant. Otherwise, the control operating con- 
ditions were the same as for cycle 2.01 .137. The 
average exhaustion volume for cycles 2.01.141 
through 2.01.148 was 4480 L. This could yield 291 
L of new ED brine at 93.5-percent recovery. This 
was sufficiently close (within 3 percent) to the 300 

L used to assume that equilibrium was achieved. 
Under these conditions, a data cyclewas not made, 
buttheresulting IXperformanceindicatedthatself- 
sustaining brine regeneration could be achieved. 

After several sodium chloride-regenerated cycles 
using column 2 for making more ED brine to make 
up for gradual losses, experiments with column 1 
resumed with cycles 2.01.152 through 2.01 .156. A 
feed water backwash without regenerant recycle 
and a higher fresh regenerantflow rate of 7.4 L/min 
was used. Both of these conditions probably give a 
less efficient regeneration than used in cycle 
2.01.137. 

Estimating the recovery for cycle 2.01 .156 (table 
B-7) at 94 percent, 277 L of brine could be made 
from the 4560-L service. This favorably exceeds 
the 250 L of fresh regenerant used. Additional ED 
brine was made using sodium chloride regene- 
ration and column 2 in cycles 2.01.157 through 
2.01.166A. 

In cycles 2.01.167 through 2.01 .174 (table B-8), a 
low recycled regenerant flow rate (8.0 L/min), a 
low fresh regenerant flow rate (3.0 L/min), and a 
large amount of recycled regenerant (1600 L) were 
used. While these conditions would allow the best 
cationic mass transfer between regenerant and 
resin, these low flow rates also were judged to 
cause the greatest potential for any possible 
gypsum-scale accumulation problem in the column 
due to a compact resin bed and longer regenerant 
residence time. Such a problem did not appear; 
however, but note that the water temperatures 
were relatively cool. 

Low Concentration Brine Regeneration 

A last series of exploratory cycles were conducted 
to find if previously determined operating limits 
also resulted in operable conditions with lower 
brine concentrations. Following IX cycle 2.01 .174, 
all fresh and recycled brine tanks were drained to 
make room for a new brine composition. (Later in 
the program, it was found that diluting the brine 
with ED product was a faster method of reaching a 
new lower brine concentration.) The ED was op- 
erated to obtain nominally 20-g/L TDS brine. 
Beginning with cycle 2.01 .175A, the IX resin was 
regenerated with sodium chloride solution to pro- 
vide feed water to the ED. 

Fresh ED brine regeneration began with cycle 
2.01.184. During this cycle, it was established from 
column effluent in-line conductivity measurements 
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that the first 240 L of spent regeneration effluent 
contained largely feed water retained in the column 
from the previous exhaustion and should be sent to 
waste because it would dilute recycled regenerant. 
Any spent regenerant after this initial 240 L could 
be recycled as desired. This volume will be fixed by 
the internal volume of any particular IX unit. Cycles 
2.01 .185 through 2.01 .188 were used to fill spent 
regenerant tank T-6 with regeneration effluent. 

The next series of exploratory cycles - starting 
with 2.01.189 - was conducted to see if self- 
regenerating cycles would be maintained under a 
set of relatively unfavorable control conditions: 

n a minimum volume, 

n high-flow-rate recycled regenerant step suf- 
ficient for backwash only, and 

m a moderate fresh regenerant flow rate. 

The approach to a satisfactory cycle equilibrium 
was difficult because of the requirement to balance 
the volume of fresh brine used to the amount 
generable from the service volume. The attempt to 
reach a balance of volumes is illustrated in table 
B-2 for cycles 2.01 .189 through 2.01.213. 

A complete set of samples and data was collected 
for cycles 2.01.202 (table B-9) and 2.01.213 (table 
B-l 0). Note that a good balance was reached using 
850 L of fresh regenerant in cycles 2.01.203 
through 2.01.205 (table B-2). The reason that 
samples were not collected at this condition was 
due tothe inability at the time of operation to rapidly 

and accurately measure brine TDS and, thus, to 
accurately calculate the actual recovery. The re- 
covery, estimated from brine conductivities, was 
85.8 percent (at the time the experiments were 
conducted) which gave considerably higher volumes 
of generable brine than the 88 to 89-percent 
recovery-calculated later from TDS by summation 
of ions from chemical analyses of feed and brine 
samples. During Phase 2, the daily measurement 
of evaporative TDS in the chemistry laboratory 
helped solve this problem. 

Thus, cycle 2.01.202 represents a condition where 
all the brine availablewas not used for regeneration, 
and cycle 2.01.213 was a condition where more 
brine was used than was generated per cycle. 
Exploratory tests were terminated with these data 
cycles since they covered the range of conditions 
within which brine volumes would balance. 

It is interesting to compare the performance of 
cycles 2.01.202 and 2.01.213. The calcium and 
total hardness resin capacities are greater for cycle 
2.01.213 than for 2.01.202 as might be expected 
from a more thorough regeneration. Surprisingly, 
the magnesium removal decreased with a greater 
amount of regenerant brine1 Probablythe equilibria 
among cationic species (primarily calcium, mag- 
nesium, and sodium) in the IX feed and regenerant 
interacted, in such a way to cause this phenomenon. 
However, since the IX feed composition alsovaried 
considerably during these runs-apparently due to 
some control problem in Train IV where the pH in 
the reactor greatly influenced the calcium and mag- 
nesium in the IXfeed-a clear conclusion regarding 
the role of magnesium is not possible. 
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Table B-l . -IX operating conditions - cycles 2.01.61 through 2.01.69 

Mode Input output 
Average 
duration 

min 

Average 
volume 

L 

Average 
flow 
rate 

L/min 

Avrage 
bed 

expansion 
% 

Average 
temper- 

ature 
OC 

Recycled Recycled Waste 7 191 27 55 21.1 
regeneration regeneration 

Recycled Recycled Spent 34 890 26 53 21.6 
regeneration regenerant regenerant 

Fresh Fresh Spent 20 209 10 11 - 
regeneration regenerant regenerant 

Drain - Waste 3 - - - - 

Slow Feed Waste 10 170 17 - - 
rinse 

Fast 
rinse 

Feed Waste 3 90 30 - - 

Exhaustion Feed Product 

1 Mean and standard deviation of the nine cycles. 

‘39 f18 ’ 1175f534 30 - - 
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Table B-2. -Balance between volumes of 
fresh regenerant used and potentially 

generable ED brine - 
cycles 2.01.189 through 2.01.213 

Volumes 

Fresh 
Cycle regenerant ‘Generable %atio 

No. used Exhaustion ED brine % 
L L L 

2.01.189 500 10 560 1270 
2.09.190 500 6 960 835 
2.01 .I 91 500 7 960 955 
2.01.192 500 8 140 977 
2.01.193 500 7 880 946 
2.01.194 500 6 590 791 
2.01 .195 500 6 160 739 
2.01.196 500 6 650 798 
2.01 .197 500 7 320 878 
2.01.198 500 7 320 878 
2.01 ,199 500 6 050 726 
2.01.200 500 6 190 743 
2.01.201 500 6 620 794 
2.01.202 500 5 730 688 
2.01.203 850 8 430 927 
2.01.204 850 8 200 902 
2.01.205 850 8 090 890 
2.01.206 1700 11 970 1320 
2.01.207 1800 11 020 1210 
2.01.208 1800 10840 1190 
2.01.209 1800 11 940 1310 
2.01.210 1600 10 930 1200 
2.01.211 1600 9 850 1080 
2.01.212 1600 10 260 1130 

39 
60 
52 
51 

:z 
68 
63 
57 

z 

:3’ 
73 
92 
94 
96 

130 
150 
150 
140 
130 
150 
140 

2.01.213 1600 9 q50 1000 160 

1 Projected gene&r/e volume that could be generated 
from the exhaustion volume. It is based on desalting re- 
coveries calculated from an assumed product of 473 TDS 
and from brine and feed TDS measurements from cycles 
2.01.202 and 2.01.213, which gave 88.0 and 89.0-percent 
recovery, respectively. Cycles 2.01.189 through 2.01.202 
used the 88.0-percent value in the calculation and cycles 
2.01.203 through 2.01.213 used 89.0 percent. 

2 Patio=fresh regenerate volume used 

generable ED brine volume 
(100%) 
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83-l 

Ion Exchange - Cycle 1.03.28 

Date: 10/6/78 

Purpose: 1. To produce water for operation of ED unit 
2. To obtain baseline conditions using 3% sodium 

chloride as regenerant. 

Conditions: Feedwater - similar to 70% recovery 
Y DP 

Backwash - feedwater 
Regenerant - 3% sodium chloride 
Service termination level - 1.0 meq/1 Cat+ 

Control variable levels: Fresh regenerant concentration - 31 000 mg/X TDS 
Average fresh regenerant flow rate - 11.7 g/min 
Volume of regenerant - 421 1 

Standard resin bed height: 1066 mm 

Resin bed volume: 97.3 e 

Operating Conditions 

Mode 

Backwash 

Regeneration 

Drain 

Slow 
rinse 

Fast 
rinse 

Service 

Bed 
Duration Throughput volume Ave. flow rate 

Input output min 
expansion Temperature 

- -EL t -- Qmin BV/min. % oc 

Feed Waste 10 306 3.14 30.6 0.31 50 27.3 

Fresh 
regenerant Waste 36 421 4.33 11.7 0.12 11 30.5 

(Vent) Waste 3 62 0.64 2D;7 0.21 - - 

Feed Waste 13 198 2.03 15.2 0.16 - .e 

Feed Waste 6 176 I.81 29.3 0.30 - 

Feed Product 106 3421 35.2 32.3 0.33 - - 
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83-2 

Chem ical Analyses of Significant Components in Composite Samples 

Sample 

PR 

IDS (talc) 

Cycle influent 

Reg Service - -- Service -- 

Cycle effluent 
SlSd 

Reg rinse - 

6.74 7.10 7.12 6.84 7.07 7.27 

31 012 4004 4036 18 995 20 260 4080 

48 984 6715 6812 31 320 33 263 6943 

3.0 12 13 7.0 7.0 13 

13.5 118 10.8 1134 175 6.6 

6.34 69.4 19.39 568 113 4.47 

12 389 I257 1479 5471 7724 1525 

2.2 7.9 6.8 32 a.2 2.3 

0.36 0.04 co.03 x0.03 co.03 <0.03 

0.12 1.9 co.1 19.9 2.5 co. 1 

20 29.3 30.3 22.4 27.3 32.7 

<lo 886 900 28 cl0 896 

18 580 1634 1590 11 720 12 200 1612 

16.4 24 24.8 18.4 22.4 26.e 

ND ND NO ND ND NO 

Fast 
w 

Conductivity @ 25 OC 

Silica 

Calcium 

Magnesium 

Sodium 

Potassium 

Iron, total 

Strontium 

Bicarbonate 

Sulfate 

Chloride 

T-alkalinity as CaCOs 

P-alkalinity as CaCOa 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

Throushput Cat+ 
meqf 2 

Mg++ TtP Na+ 
meqle_ e meqf meq/e 

128 
226 
359 
390 
512 
165 
;66.6 

66.5 
65.9 
66.2 
66.1 
65.4 
65.4 
64.3 
62.7 
61.7 

Mode ev 

Regen 
Regen 
Regen 
Regen 
Rinse, slow 
Rinse, slow 
Rinse, fast 
Rinse, fast 
Service 
Service 
Service 
Service 

0 
1.59 
3.18 

21.1 
70.8 

15.8 
60.7 
63.5 
55.7 
16.5 

2.15 

36.9 
132 
149 
13s 

32.3 
4.20 
0.67 
0.67 
0.67 
0.70 
0.77 
0.90 
1.32 

85.8 
3.81 
0 
0.94 

82.1 
15.8 

2.05 
2.03 0.32 
2.93 0.32 
3.84 0.32 

10.14 0.32 
15.12 0.34 

0.35 
0.35 
0.35 
0.38 
0.43 
0.54 
0.90 

E 
3189 

20.09 
25.07 
30.04 

0.36 
0.42 Service 

Service 0.58 
0.79 
1.04 

2.42 
3.68 
4.93 

Service 35.02 
Service 30.00 

*Calculated from Cat+ plus Mgtt 
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83-3 

Service Performance Summary 

Average concentrations, meq/.t Removal 
Influent Effluent Difference % 

Resin capacity 
v/l 

Ca++ 5.82 0.48 5.34 92 0.188 
Mg++ 5.72 1.21 4.51 79 0.159 
TH* 11.59 1.69 9.90 85 0.348 
Nat 55.0 65.0 -10.0 

* Calculated from Cat+ plus Mgtt 
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concentrations, meq/L , 1' r 

z 

10 20 

Bed volumes 

30 

78 



84-l 

Ion Exchange - Cycle 2.01.09 

Date: 10/13/78 

Purpose: Performance comparison between use of ED brine and 3.0% NaCl regenerants 

Conditions: Feedwater - sir;lnJar to 70% recovery 

Backwash - feedwater 
Regenerant - fresh ED brine 
Service termination level - 0.1 meq/L Ca++ 

Control variable levels: Fresh regenerant concentration - 27 000 mg/1 TDS 
Average fresh regenerant flow rate - 32.5 Llmin 
Volume of fresh regenerant - 390 1 

Standard resin bed height: 1066 mm 

Resin bed volume: 97.3 a. 

Operating Conditions 

Mode 

Backwash Feed Waste 10 305 3.13 30.5 0.31 55 25.2 

Regeneration 

Drain 

Slow 
rinse 

Fast 
rinse 

Service 

Input 

Fresh 
regenerant 

(Vent) 

Feed Waste 10 176 1.81 17.6 0.18 - 

Feed 

Feed 

Bed 
Duration 

output 
min Thrpqhput vo;;me A;ymi;l~"B;;;;n expa?ion Temp;rature 

------- 

Waste 12 390 4.01 32.5 0.33 63 27.2 

Waste 3 62 0.64 17.6 0.18 - 

Waste 3 88 0.90 29.3 0.30 - 

Product 82 2453 25.2 29.9 0.31 - 

79 



84-2 

Chemical Ana lyses of Significant Components in Composite Samples 

Sample 

Cycle influent 

-9 Service 

6.14 7.14 

26 698 3532 

36 994 5703 

17.0 15.0 

41.0 132 

116.7 83.9 

9570 1030 

41.8 8.9 

0.12 <0.03 

1.67 2.51 

27.3 28.8 

6700 1016 

10 200 1230 

22.4 23.6 

ND ND 

Cycle effluent 
Slew 

Service !!%I - - rinse rinse 

7.15 6.58 6.59 7.21 

3591 18 913 21 598 3844 

5948 26 656 30 564 6117 

16.0 16.0 16.0 16.0 

14.0 821 379 12,8 

19.0 486 345 13.1 

1276 5428 7100 1340 

8.1 34.3 39.4 7.5 

eo.03 eo.03 0.04 co.03 

0.70 13.8 6.3 0.60 

27.3 29.8 28.3 24.9 

1020 4600 5100 1080 

1226 7500 8600 1250 

22.4 24.4 23.2 20.4 

NO ND ND NO 

PH units 

TDS (talc) mglt 

Conductivity @ 25 OC lIs/un 

Silica mg/e 

Calcium mglt 

Magnesium w/l 

Sodium m9lP. 

Potassium w/L 

Iron, total w/L 

Strontium m9f-C 

Bicarbonate mg/e 

Sulfate mg/L 

Chloride mg/L 

l-alkalinity as CaCDs WI-! 

P-alkalinity as CaCOs mq/6 

Fast 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

Mode 
Throughput 

B/V 
Ca++ 

w 
Na + 

meq/e 

Regen 
Regen 
Reqen 
Regen 
Regen 
Rinse, slow 
Rinse. slow 
Rinse, fast 
Rinse, fast 
Service 
Service 
Service 
Service 
Service 
Service 
Service 

0 

K: 
2186 
3.81 

00.90 
1.81 
2.26 
2.71 
7.94 

12.55 
17.16 
21.78 
24.85 
27.92 

18.4 
26.6 
50.9 
53.9 
50.8 
24.6 
13.7 
0.65 
0.60 
0.60 
0.59 
0.61 
0.61 
0.69 
0.79 
0.94 

19.2 
32.1 
51.9 
50.1 
42.1 
36.2 
20.2 

1.09 
1.01 

1% 
1:10 
1.19 
1.55 
2.03 
3.06 

37.6 
58.7 

103 
104 
92.9 
60.8 
33.9 

1.74 
1.61 
1.62 
1.65 
1.71 
1.80 
2.24 
2.82 
4.00 

127 
159 
261 
310 
326 
369 
250 

59.0 
57.4 
60.5 
56.4 
56.7 
60.4 
55.9 
55.4 
54.0 

*Calculated from Cat+ plus Mgtt 



64-3 

Ca+ 
Mg+ 
;y 

Servjce Performance Summary 

Average concentrations, meq/.JJ Removal 
Influent Effluent Difference % 

Resin capacity 
eW 

6.57 0.66 5.91 ii 0.149 
6.95 1.40 5.55 0.140 

13.5 2.06 11.5 85 0.289 
44.9 57.3 -12.3 

*Calculated from Ca++ plus Mg 
+t 
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04-4 

400 I I 1 1 

1 Calcium 
Regeneration Effluent 

e-- Magnesium 
+-- Total hardness 

. . . . 
A** 

300 - &*a.- Sodium 
*.**&...""' 

. - 
.* 

;c*"' 
. Avg. influent 

. 
. Concentrations, meq/L 

200 - 
. 

. . ca++ 
. - Mg++ 

2.05 
,9.60 

TH 
. - .*- 

. -i’ Il.6 

. . a* 
Na+ 416 

100 - t -_ -_ 
,R 

--+-- --- 
- 3--- 

1 2 3 4 

Bed volumes 

369 

36.2 
24.6 

Service Effluent 
Service 

h Calcium 
c-- Magnesium 
+-- Total hardness 
A . . . . . Sodium 

Avg. influent 

7 Rinse 
concenlrations. meq/L 

CaTI 6.57 

R 
6.95 

Nat 
13.5 
44.9 

10 20 

Bed volumes 
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65-l 

Ion Exchange - Cycle 2 .01.76 

Date: 10/27/78 

Purpose: Phase I. To determine h 
variables in preparation 

igh and low values of independent 
for response surface experiments (Phase II) 

Conditions:' Feedwater - similar to 70% recovery 
YDP 

Backwash - recycled regenerant 
Regenerants - fresh ED brine and recycled 
Service termination level - 3.0 meq/L Ca++ 

regenerant 

Control variable levels: Fresh regenerant concentration - 27 000 mg/t TDS 
Average fresh regenerant flow rate - 3.0 L/mir. 
Average recycled regenerant flow rate, Regen 2 - 
26.0 Qmin 
Volume of recycled regenerant, Regen 2 - 884 1 

Sta:idard resin bed height: 1066 mm 

Resin bed volume: 97.3 L 

Operating Conditions 

Mode Input 

Recycled 
Regeneration 1 rcgenerant 

Recycled 
Regeneration 2 regenerant 

Fresh 
Regeneration 3 regenerant 

Drain (Vent) 

Rinse Feed 

Service Feed 

Bed 
Duration 

23 
min Thriughput vo;yume A;;mi;l~~8;a;~n expa;sion Tem;;rature 

----I 

Waste 7 196 2.01 28.0. 0.29 59 

Spent 
regenerant 34 884 9.09 26.0 0.27 53 21.0 

Spent 
regenerant 135 400 4.11 3.0 0.03 1.8 23.0 

Waste 3 62 0.64 20.7 0.21 - 

Waste 10 165 1.70 16.5 0.17 - w 

Product 164 4895 50.3 29.8 0.37 - 
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BS-2 

Chemical Analyses of Significant Components in Composite Samples 

Sample Req 1. 2 

PR units 6.91 

TDS (talc) w/l 15 538 

Conductivity 9 25 OC uS/cm 22 119 

Silica w/t la.0 

Calcium v/t 970 

Magnesium w-t 614 

Sodium v/P 3690 

Potassium w/L 289 

Iron, total w/-C co.03 

Strontium mg/L 14.9 

Bicarbonate w/L 20.5 

Sulfate w/L 4000 

Chloride q/t 6200 

T-alkalinity as CaCO3 mg/C 16.8 

P-alkalinity as CaCOs mg/e NO 

Reg 3 

5.27 

27 030 

35 926 

20.0 

157.3 

9060 

49.3 

co.04 

1.2 

12.69 

6900 

9800 

10.4 

NO 

Cycle influent 
Service Reg 

6.80 6.60 

3087 11 021 

5099 16 561 

14.0 15.0 

125 770 

73.1 466 

a77 2490 

a.5 21.4 

<0.03 0.12 

1.8 12.3 

25.86 21.47 

a80 2600 

1096 4640 

21.2 17.60 

NO ND 

Cycle effluent 
Reg 2 Reg 3 Rinse Service -- 

6.54 6.47 6.02 

15 279 20 238 16 a80 

21 454 27 456 24 658 

17.0 la.0 16.0 

1030 1000 280 

646 771 117.8 

3340 4870 5650 

27.2 36.8 31.3 

0.84 2.52 0.04 

16.5 20.4 3.9 

19.52 19.52 17.08 

4100 5300 4380 

6100 a220 6400 

16.0 16.0 14.0 

ND ND ND 

6.78 

3136 

5315 

14.0 

19.0 

29.4 

1091 

9.7 

co.03 

co.2 

26.84 

a80 

1080 

22.0 

ND 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

Mode 
Throughput Ca++ Mg ++ TH' Na + 

BV & meq/e mes/e meq/P. 

Regen 1 0 
Regen l/2 2.01 
Regen 2 3.88 
Regen 2 5.75 
Regen 2 7.62 
Regen 2 9.49 
Regen 2/3 11.10 
Regen 3 0.61 
Regen 3 1.22 
Regen 3 1.83 
Regen 3 2.44 
Regen 3 3.05 
Regen 3 3.65 
Regen 3 4.11 
Rinse 0 
Rinse 0.85 
Service 1.70 
Service 7.53 
Service 12.13 
Service 16.73 
Service 21.33 
Service 25.94 
Service 30.54 
Service 35.14 
Service 39.74 
Service 44.34 
Service 48.94 
Service 52.01 

31.4 
47.4 
53.4 
53.9 
52.4 
50.9 
50.4 
49.9 
64.3 
59.9 
46.9 
46.4 
44.4 
42.9 
22.4 

2.89 
0.29 
0.26 
0.26 
0.26 
0.27 
0.33 
0.45 
0.76 
1.24 
1.85 
2.59 
2.94 

29.6 
47.5 
53.5 
54.6 
54.0 

:2 
52:3 
67.3 
73.8 
74.2 
69.2 
62.6 
54.9 
17.4 

2.32 
0.29 
0.25 
0.27 
0.28 
0.36 
0.66 
1.39 
2.75 
4.25 
5.47 
6.28 
6.58 

61.0 99.6 
94.9 127 

107 137 
108 148 
106 151 
104 154 
103 158 
102 158 
132 177 
134 198 
121 227 
116 247 
107 261 

97.8 273 
39.8 374 

5.21 128 
0.57 51.4 
0.51 49.8 
0.53 49.6 
0.54 49.6 
0.63 49.6 
0.99 49.2 
1.84 40.2 
3.51 46.5 
5.52 44.0 
7.32 43.4 
a.87 42.0 
9.52 41.0 

*Calculated from Ca++ plus Mgtt 
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BS-3 

Service Performance Summary 

Average concentrations, meq/1 
Influent Effluent Difference - 

Removal Resin capacity 
% w/t 

Mg CaII 
6.27 0.83 5.44 87 0.273 
6.06 2.14 3.92 65 0.197 

TH*+ 12.3 2.96 9.34 76 0.470 
Na 38.1 47.4 -9.3 

*Calculated from Caf+ plus Mg++ 
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86-l 

Ion Exchange - Cycle 2.01.137 

Date: 11/15/78 

Purpose: To explore a low fresh regenerant flow rate level at high 
recycle regenerant flow rates and a moderate recycle regenerant 
volume. 

Conditions: Feedwater - Pretreated with high lime dosage for silica 
removal 

Backwash - recycled regenerant 
Regenerants - fresh ED brine and recycled regenerant 
Service termination level - 1.0 meq/1 Ca++ 

Control variable levels: Fresh regenerant concentration - 41 259 mg/e TDS 
Average fresh regenerant flow rate - 4.0 L/min 
Average recycled regenerant flow rate, 

Regen 2 - 23.5 1/min 
Volume of recycled regenerant, Reoen 2 - 352 e 

Standard resin bed height: 1066 mm 

Resin bed volume: 97.3 e 

f.bde Input 

Recycled 
Regeneration 1 regenerant 

Recycled 
liegeneration 2 regenerant 

Fresh 
Regeneration 3 regenerant 

brain (Vent) 

Rinse Feed 

>ervice Feed 

Tank 

T-5 

T-6 

T-9 

T-28 

T-33 

Operating Conditions 
Bed 

Duratton Throughput volume Avg. flow rate 

Output pe-sv-pp min t.ixiiT'ijg/mln 
exp;nsion Temp;;ature 

Waste 10 240 2.47 24.0 0.25 58 - 

Spent 
regenerant 15 352 3.62 23.5 0.24 58 15.5 

Spent 
regenerant 75 300 3.08 4.00 0.04 5.6 18.0 

Waste 3 62 0.64 20.7 0.21 - - 

Waste 10 160 1.64 16.0 0.16 - - 

Product 163 5120 52.6 31.4 0.32 - e 

Table--l-6- 

Tank Chemical Composition** 

Conductivity cat+ ++ * TH 
d/cm meq/e m& meq/e 

50 117 26.0 23.0 49.0 

53 635 84.0 92.0 176 

5 112 6.2 5.8 12.0 

50 337 6.0 16.0 22.0 

5 424 0.4 1.2 1.6 

*Calculated from TH minus Ca++ 
**Concentrations determined by operators' titrations 
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Chemical Analyses of Significant Components in Composite Samples 

Sample 

PH 

TOS (talc) 

Conductivity @ 25 OC 

Zilica 

Calcium 

Magnesium 

Sodium 

Potassium 

Iron. total 

Strontium 

Bicarbonate 

Sulfate 

Chloride 

T-alkalinity as Cat03 

P-alkalinity as CaCO, 

Cycle influent 

Ueg 1 & 2 Reg 

4.16 3.54 

41 187 41 259 

54 042 51 784 

4.0 2.0 

1270 47.9 

999 142 

12 490 ‘14 740 

90 128 

eo.03 0.68 

28.4 2.0 

9.27 NO 

7200 11 900 

19 100 14 300 

7.60 NO 

NO NO 

Service 

6.90 

3153 

4846 

-4.0 

113 

71.0 

921 

8.1 

so.03 

2.6 

19.52 

920 

1098 

16.0 

NO 

Cycle effluent 

Reg Req Req 

6.12 5.74 5.62 6.55 4.29 

ia 509 38 077 37 784 3241 7851 

24 684 49 164 48 050 5141 10 312 

3.0 4.0 3.0 4.0 3.0 

930 1520 1300 3.6 25.0 

633 1149 929 3.1 13.59 

5000 11 220 11 450 1170 2690 

38.6 78.0 84.0 9.0 19.3 

so.03 GO.03 qo.03 GO.03 so.03 

17.5 38.0 34.0 0.8 1.1 

9.76 12.20 7.32 14.64 2.44 

3780 5000 6840 940 2400 

8100 19 060 17 140 1100 2700 

a.0 10.0 6.0 12.0 2.0 

ND NO NO NO ND 

Service Rinse 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

Process 
Mode stream 

Regen 1 Effluent 
Regen i Effluent 
Regen 2 Effluent 
Regen 2 Effluent 
Regen l/2 Influent 
Regen 2/3 Effluent 
Regen 3 Effluent 
Regen 3 Effluent 
Regen 3 Effluent 
Regen 3 Influent 
Regen 3 Effluent 
Regen 3 Effluent 
Regen 3 Effluent 
Rinse Effluent 
Rinse Effluent 
Service Influent 
Service Effluent 
Service Effluent 
Service Effluent 
Service Effluent 
Service Effluent 
Service Effluent 
Service Influent 
Service Effluent 
Service Effluent 
Service Effluent 
Service Effluent 
Service Effluent 
Service Effluent 
Service Effluent 
Service Influent 

Throughput Ca++ big++ TH' Nat 
a/v meW meq/e meo/L meu/C 

0.74 
1.97 
3.68 
4.88 
6.09 
6.09 
6.30 
6.92 
7.53 
7.57 
a.15 
8.76 
9.17 
0 
0.82 
1.64 
1.64 
5.51 

10.35 
15.19 
20.04 
24.88 
29.72 
29.72 
34.56 
39.41 
44.25 
49.09 
52.32 
54.26 

14.0 
77.8 
78.8 
74.4 
63.4 
72.9 
73.4 
73.4 
74.4 

2.39 
52.9 
42.4 
62.4 

1.82 
0.23 
5.59 
0.24 
0.18 
0.16 
0.15 
0.15 
0.15 
5.84 
0.16 
0.15 
0.17 
0.20 

17.8 
90.9 

105 
92.4 
82.2 
as.9 
83.6 
83.0 
82.6 
11.7 
83.5 
68.6 
58.2 

2.06 
0.17 
6.07 
0.16 
0.13 
0.13 
0.13 
0.14 
0.12 
5.79 
0.22 
0.15 
0.43 
0.91 

- 

31.8 
169 
ia4 
167 
146 
159 
157 
156 
157 

14.1 
136 
111 
121 

3.08 
0.40 

11.7 
0.40 
0.31 
0.29 
0.23 
0.29 
0.27 

11.6 
0.33 
0.30 
0.60 
1.11 
2.66” 

3:23 l * 

ii.38 

131 
287 
462 
496 
543 
507 
514 
511 
516 
641 
491 
512 
433 
165 

53.9 
39.0 
52.6 
50.0 
49.9 
50.1 
50.6 
50.9 
39.7 
50.5 
50.9 
50.7 
50.4 

0.70” 
1.00 l * 
5.59 

2.28.’ 
5.79 

*Ca!c_ulated from Ca++ plus Mg++ 

40.4 

**. Ca” and TH from operators' titrations, Mg++ calculated from TH minus Ca++ 
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SERVICE PERFORMANCE SUMMARY 

Average concentrations. mea!Z Removal 
Influent Effluent: Difference % 

Resin capacity 
es/e 

ca++ 
big++ 5.67 5.88 0.23 0.48 5.44 5.40 96 92 0.286 0.284 
TH" 
Nat 

11.56 0.78 10.78 93 0.567 
39.7 

*Calculated from Ca++plus Mgt+ 
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1 I I I 

Regeneration Effluent I 

- Calcium 

c-- ;:annesium 

e.- Total hardness 

_- -.. 
?’ 

/ ------‘3* -a. -*. 

A /’ 
3. . 

0 l ’ - 

0 
- !/ 

Y----m---r--)m-q-Ca 

C* 

. .=Y 

Relr 2 +A. RI?-+ 
I I I 1 

A.. . . Sodium 

ave. lnfluelrt 
Concentrations. rr?q/t 

.21 . ..L a! I Cdff f3.': 2.39 
ih'+ k2.2 11.7 
Til 146 14.1 
Nd’ 543 631 

0 2 4 6 3 

Bed volumes 

I I I I I 

165 Rinse and Service Effluent 

L 
'.. _ -Ae _ A. -.A. . -A. .A. A. .A. .A 

I+- 
Service 

Avg. influent 
concentra:ions, meq/L 

i.' 

ca++ 5.67 
ng++ 5.88 
TH 11.56 

- Calcium Na+ 39.7 / 
c _ _ f~bgnesium 

+ .- Total hardness I* 
A. Sodium 

/ 

' / 

I 1 I I 
20 30 40 50 

Bed volumes 

50 
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Ion Exchange - Cycle 2.01.156 

Date: 11/22/78 

Purpose: To explore a high fresh regenerant flow rate at the condition 
of a single pass regeneration (no recycling of regenerant). 

Conditions: Feedwater - pretreated with high lime dosage for silica 
removal 

Backwash - feedwater 
Regenerant - fresh ED brine 
Service termination level - 1.5 meq/1 Ca++ 

Control variable levels: Fresh regenerant concentration - 47 000 mg/b TDS* 
Average fresh regenerant flow rate - 7.4 Urnin 
Volume of recycled regenerant, Regen 2 - 0 L 

Standard resin bed height: 1066 Unll 

Resin bed volume: 97.3 e 

Operating Conditions I 

Duration Throughput volume 

Mode Input Output 7ti'J min 

Backwash Feed Waste 10 260 2.67 

Drain (Vent) Waste 3 62 0.64 

Fresh 
Regeieration 

Spent 
regenerant regenerant 34 250 2.57 

Rinse Feed Waste 10 150 1.54 

Service Feed Product 151 4560 46.9 

Tank Chemical Composition 

Tank 

T:Xs 
T-33 

PH Conductivity Ca 
units IrS/cm 

Mg" 
mecJ(g meq/e 

7.19 58 5 095 777 E 1::: 
5 503 1.0 2.0 

Bed 
Avg. flow rate expansion 
z/mn avciiii % 

Temp;;ature 

26.0 0.27 52 - 

20.7 0.21 - - 

7.35 0.08 - 

15.0 0.15 - - 

30.2 0.31 - - 

TH 
meq/e 

12.8 
26.5 
3.0 

*Estimated from daily tank conductivity. A discrepancy between this 
conductivity, as determined by the chemical laboratory, and in-line 
conductivity measurements was being investigated at the end of the 
reporting period. LOW confidence is assigned to this value at present. 

**Calculated from TH minus Ca 
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Calcium and Magnesium Concentrations Determined by Operators' Titrations 

Mode 

Regen 
Regen 
Regen 
Regen 
Regen 
Regen 
Rinse 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 

Ca :I* 
Mg 
TH 

Process 
stream 

Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Influent 
Effluent 
Effluent 
Effluent 
Effluent 
Infl uent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Influent 
Effluent 

Throughput 
BV 

0.76 
1.14 
1.52 
1.90 
2.27 
2.57 
0.77 
1.54 
1.54 
6.20 

10.85 
15.51 
20.16 
20.16 
24.82 
29.47 
34.13 
38.78 
41.88 
43.43 
44.98 
46.54 
48.09 
48.40 
48.40 

Ca++ Mg 
tt* TH 

meq/l meq/L meq/! 

5::: 
118 
244 
246 
194 

79:: 
0.8 
0.5 
0.6 
0.5 
7.6 
0.5 

i:: 
0.7 
1.2 
1.3 
1.2 
1.3 
1.4 

::6” 
1.6 

8.5 
61.5 
85.0 

220 
292 

63.0 
10.5 
6.4 
0.9 
0.7 

E 
5.2 
1.1 
0.7 
0.7 

::; 

33:: 
3.7 

1:: 

1:: 

16.0 
113 
203 
464 
538 
257 

19.5 
14.0 

1.7 
1.2 
1.4 

1::: 
1.6 
1.2 
1.2 
1.8 
3.2 
4.4 
4.6 
5.0 

:*i 
12:4 

6.0 

Service Performance Summary 

Average concentrations, meq/.P Removal Resin capacity 
Influent Effluent Difference % eq/t 

7.6 0.83 6.77 89 0.317 

135:: 
1.62 3.88 0.182 
2.45 10.6 0.499 

* Calculated from TH sinus Cat+ 
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Regeneration Effluent 

e- Calcium 
)-- Magnesium 

+ _ Total hardness 

Bed volumes 
I I I 

19.5 
I 

9.3 

Rinse and Service Effluent 

- Calciwn 

m--- Magnesium 

+-.- Total harlrncss 

concentrations, meq/C 

- 
Set-v ICC 

- 

I I 
10 

I 
20 

I 
30 40 

Bed volumes 
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Ion Exchange - Cycle 2.01.174 

Date: 11/27/78 

Purpose: To explore performance at low fresh and recycle regeneration 
flow rates and high recycle regenerant volume. 

Conditions: Feedwater - pretreated with high lime dosage for silica 
removal 

Backwash - recycled regenerant 
Regenerants - fresh ED brine and recycled 
Service termination level - 1.5 meq/1 Ca++ 

regenerant 

Control variable levels: Fresh regenerant concentration - 51 473 mg/e TDS 
Average fresh regenerant flow rate - 3.0 1/min 
Average recycled regenerant flow rate, Regen 2 - 

8.0 Urnin 
Volume of recycled regenerant, Regen 2 - 1384 1 

Standard resin bed height: 1066 mn 

Resin bed volume 97.3 e 

Moae 

Regeneration 1 

Regeneration 2 

Regeneration 3 

Drain 

Rinse 

Service 

Input 

Recycled 
regenerant 

Recycled 
regenerant 

Fresh 
regenerant 

(Vent) 

Feed 

Feed 

Tank 

T-5 

::; 
T-28 
T-33 

Operating Conditions 
Bed 

Duration Throughout volme Avg. flow rate expansion Tecperaccr~z 
Output mi n L j,-- 

-Tl---- 2, r;l, " 09 , - 1 n : JC 

Waste 10 230 2.36 23.0 

Spent 
regenerant 173 1384 14.2 8.0 

Spent 
regenerant 82.5 250 2.57 3.03 

Waste 3 62 0.64 20.7 

Waste 10 160 1.64 16.0 

Product 171 5080 52.2 29.7 

Table 25 

Tank Chemical composition 

PH Conductivity Ca++ Mg ++* 
unit: IrS/cy w meq/e 

49 662 84.0 102 
e 48 992 110 126 

7.36 4 959 a.8 5.6 
58 a30 11.0 18.0 
5 546 0.8 1.6 

0.24 57 17.2 

0.08 11 

0.03 2.7 16.8 

0.21 - - 

0.16 - 

'0.31 - 

TH 
meq/e 

186 
236 

14.4 
29.0 

2.4 

*Calculated from TH minus Ca++ 
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Ca lc urn and Yaqnesium Concentrations Determjned by Cperatcrs' Titrations 

Process Throughput ca++ Mg++* TH 
Mode stream 8V -- meglP mgg mea/Z 

Regen 1 Effluent 0 9.0 6.0 15.0 
Regen 1 Effluent 1.18 110 100 210 
Regen 1 & 2 
Regen 2 
Regen 2 
Regen 2 
Regen 2 
Regen 2 
Regen 2 
Regen 2 
Regen 2 
Regen 2 
Regen 2 
Regen 2 
Regen 2 
Regen 2 
Regen 2 
Regen 2 
Regen 2 
Regen 2 
Reqen 2 
Regen 2 & 3 
Regen 3 
Regen 3 
Reaen 3 
Regen 3 
Reqen 3 
Reien 3 
Regen 3 
Pegen 3 
Regen 3 
Regen 3 
Rinse 

Effluent 
Effluent 
Effl-uent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effll;ent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Influent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluerrt 
Influent 
Effluent 
Effluent 
Effluent 
Effluent 
Influent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Influent 

Effluent 

2.36 
2.77 
3.13 
3.59 
4.41 
5.23 
6.06 
6.88 
7.70 
a.52 
9.35 

10.17 
10.99 
ii.81 
12.63 
13.46 
14.28 
15.10 
15.92 
16.58 
16.89 
17.20 
17.51 
17.83 
18.14 
18.14 
18.45 
18.76 
19.07 
19.15 
0.82 
1.64 
5.61 
5.61 

10.19 
14.77 
19.35 
23.93 
23.93 
28.51 
33.09 
37.67 
42.25 
46.83 
51.41 
52.54 
53.86 
53.86 

162 
156 
150 
130 
136 
130 
128 
140 
110 
108 
114 
100 
92.0 
90.0 

100 
98.0 
98.0 
92.0 
88.0 
88.0 
80.0 
90.0 
86.0 
92.0 

9.0 
96.0 

114 
134 

276 
290 
263 
270 
254 

118 
140 
118 
112 

152 
120 
104 

118 

100 
104 

106 

96.0 

94.0 
260 

242 

234 
204 

246 

192 
194 

246 

196 
196 
200 

204 

204 
188 
204 
190 
184 
is3 
192 

30.0 

98.0 
102 
112 
100 
116 
110 

94.0 
104 
100 
21.0 

104 
116 
125 
106 
106 

32.0 

200 
234 118 

100 225 
198 
192 

58.0 
3.60 

12.4 
0.80 
0.88 
0.64 
0.64 

12.8 
0.72 
0.88 
1.20 
1.76 
2.88 
4.40 
5.60 

- 
12.4 

6:20 

92.0 
86.0 
26.0 

2.0 

ES 
0.24 
0.28 
0.32 
8.4 
0.48 
0.32 
0.48 
0.52 
0.56 
1.00 
1.23 
1.44 
8.4 
1.52 

Service 
Service 
Servlce 
Service 
Service 
Service 
Service 
Service 
Service 
Qrvice 
Service 
Service 
Service 
Service 
Service 
Service 

Service 

1.60 

::432 
0.64 
0.36 
0.32 
4.4 
0124 
0.56 
0.72 
1.24 
2.32 
3.40 
4.32 

4:o 
4.68 

Service Performance Summary 

Ca++ 
Mg ++' 
TH 

Averaae concentrat;ons. meolt Removal 
fnfluent Efflu?rlt Glif?rence *, 

Resi:a;;pacity 

-- 

a.4 0.61 7.79 93 
4.1 1.34 

0.407 
2.76 67 0.144 

12.5 1.95 10.5 84 0.551 

*Calculated from TH minus Ca++ 
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I ! I 

. 
Regeneration FfflllFnt 

Avg. RWlG2 -. 

I 
I 

I 
I 

5 10 lk 

Bed volumes 

58.0 
26.0 

Rinse and Service Effluent 

- Calcium 

c-- Magnesium 

c.- Total hardness 

/ / 1 . / 

be. -. _‘:g/y 
. . - 
I I I I I - 

IO 20 30 40 50 

Bed Volumes 

Avg. influent 
c0ncentrat10nr. 
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Ion Exchange - Cycle 2.01.202 

Date: 12/4/78 

Node 

Purpose: To explore a high fresh regenerant flow rate with use of 
recycled regenerant for backwash only. 

Conditions: Feedwater - pretreated with high lime dosage for silica 
removal 

Backwash -. recycled regenerant 
Regenerants - fresh EC brine and recycled regenerant 
Service termination level - 4.5 meq/1 Cat+ 

Control variable levels: 

Standard resin bed height: 1066 mm 

Resin bed volume: 97.3 1 

Fresh regenerant concentration - 23 G74 mg/P, TDS 
Average fresh regenerant flow rate - 7.7 l/min 
Volume Of recycled regenerant, Regen 2 - 0 X 

Operating Conditions 

Input 

Bed 
Duration Throu?nout voluc? Avq. cla':l rate expansion Terzerjture 

Output -----i--- min 31 i, -I" 3 , ,/ : : 'i -I :c 

Regeneration 1 
Recycled 
regenerant Waste 10 240 

Fresh 
Regeneration 

Spent 
3 regenerant regenerant 65 500 

Drain (Vent) Waste 3 62 

Rinse Feed Waste 10 160 

Service Feed Product 176 5730 

2.4i 24.0 0.25 61 15.0 

5.14 7.7 0.08 '3 11.6 

0.64 20.7 0.21 - 

1.64 16.0 0.16 - 

58.9 32.6 0.33 - 

Tank Chemical Composition** 

Tank 

T-S 
T-6 
T-9 
T-28 
T-33 

PH Conductivity Cd++ 
units 

Mg++ * TH 
IrS/cm mea/e meq/S meq/e 

27 160 50.0 58.0 108 

7.cg 
26 128 74.0 54.0 128 

4 741 6.5 7.6 14.4 
26 248 14.0 24.0 38.0 

5 010 2.32 4.24 6.56 

*Calculated from T;i minus Ca++ 
**Concentrations determined by cperators' titrations 
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Chemical Analyses o f Significant Components in Composite Samples 

Sa:nple 

PH 

TDS (talc) 

Conductivity @ 25 "C 

Silica 

Calcium 

Magnesium 

Sodium 

Potassium 

Iron, total 

Strontium 

Bicarbonate 

Sulfate 

Chloride 

T-alkalinity as CaiOj 

P-alkalinity as CaCOa 

units 

w/L 

pSicn 

mg1-C 

mg/L 

mq/! 

mglP 

mq/L 

mg/l 

mg/L 

mq/L 

w/L 

w/l 

mg/t 

w/z 

Cycle inC!upl.t Cycle effl'icrt 
R29 

-- 
Heg 3er':Ice Ren L >erv ! ce --- --L- __- 

7. IJ 

21 636 

27 445 

14 

1050 

611 

6100 

37.8 

co.03 

19.1 

37.6 

5300 

8480 

30.9 

NO 

6.73 7.03 7.05 

23 074 3175 13 7:a 

28 467 4662 Ii 231 

17 9 12 

224 129 1020 

319 65.6 608 

7640 907 2940 

76.0 a.0 21.7 

co.03 x0.03 co. 03 

3.2 2.1 17.3 

71.7 26.3 51.2 

6500 930 3460 

a240 1106 5600 

58.8 22.0 42.0 

NO NO NO 

HI31 3 -- 

7.n1 

20 $99 

25 175 

15 

1310 

615 

5330 

30.9 

0.44 

22.4 

70.8 

5620 

8050 

58.0 

NO 

;cir;a -- 

7.12 

9765 

1633 

11 

111 

72.6 

2820 

25.1 

co.33 

1.9 

43.9 

2340 

42C0 

36.0 

NO 

7.43 

3206 

4993 

9 

33.5 

42.3 

1060 

10.7 

co.03 

0.5 

26.8 

924 

1108 

22.0 

NO 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

Mode -- 

Regen 1 
Regen 1 
Reqen 1/3 
Regen 3 
Regen 3 
Reqen 3 
Regen 3 
Reqen 3 
Reqen 3 
Regen 3 
Regen 3 
Rinse 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Servlce 
Service 

Process 
stream 

Throughput 
B/V 

Ca++ 
neq/L 

Influent 1.23 52.4 
Effluent 1.48 30.9 
Effluent 2.47 69.9 
Influent 2.26 11.2 
Effluent 3.26 64.9 
Effluent 4.05 74.8 
Effluent 4.84 69.4 
Effluent 5.63 69.4 
Effluent 6.42 55.9 
Effluent 7.21 61.4 
Effluent 7.61 49.0 
Effluent 0.82 10.1 
Effluent 1.64 0.54 
Influent 6.99 6.44 
Effluent 6.99 0.43 
Effluent 12.01 0.49 
Effluent 17.03 0.51 
Effluent 22.05 0.57 
Effluent 27.07 0.70 
Effluent 32.09 0.93 
Effluent 37.10 1.25 
Influent 42.12 6.34 
Effluent 42.12 1.70 
Effluent 27.14 2.20 
Effluent 52.:6 2.79 
Effluent 57.13 3.29 
Efflile?t 53.55 3.64 
Influent 60.53 6.44 
EiCiuent X.53 3.64 

Mg++ * 

mea/C & 

50.3 103 
23.9 54.8 
75.7 146 
26.3 37.5 
68.0 133 
66.3 141 
59.4 129 
47.7 117 
40.7 107 
35.2 96.6 
37.5 87.5 
11.2 21.3 
0.6a 1.22 
5.50 1:.9 
0.52 1.10 
0.63 1.12 
0.71 1.21 
c.95 1.52 
1.59 2.29 
2.54 3.47 
3.68 4.93 
5.43 11.3 
4.67 6.37 
5.4: 7.61 
S. ?E a.77 
6.23 3.52 
5.25 9.39 
5.45 11.9 
6.27 10.0 

ha+ 
& 

265 
81.0 

174 
332 
198 
206 
223 
242 
259 
267 
2c5 
191 

52.9 
33.4 
51.6 
50.: 
50.4 
50.3 
4a.8 
47.6 
46.4 
39.4 
44.5 
43.3 
42.3 
42.6 
41.4 
39.9 
39.9 

*Calculated from Ca ++ plus 11g++ 
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89-3 

SERVICE F'ERFORMKE SUllMRY 

Average concentrations, meq/e --__ 
Influent Efiiuent Differencs -- 

Removal 
0, .o 

Resin capacity 
eq/l 

Ca++ 
t4g++ 
TH* Na+ 

6.41 5.46 2.94 1.36 2.52 5.05 46 79 0.297 0.148 
11.87 39.6 47.3 4.29 -7.7 7.58 64 0.446 

*Calculated from Ca++ plus Mg++ 
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B9-4 

Regeneration Effluent 

A 
A. 

A. 

A 

.A 

A 

l 

/ 

-4 - 

A 

.*- 

. 
-. =. -.- - r- . Reg 1 tkg 3 4 

I I , 
2 4 6 

Bed volumes 

It “‘- Rinse and Service Effluent k. 

2 - 1 i + - Total hardness 

Sodium 

Bed volumes 
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010-1 

Ion Exchange - Cycle 2.01.213 

Date: 12/11/78 

Purpose: To explore a high fresh regenerant flow rate with use of recycled 
regenerant for backwash only. 

Conditions: Feedwater 
Backwash - 

- Pretreated with high lime dosage for silica removal 
recycled regenerant 

Regenerants - fresh ED brine and recycled 
Service termination level - 4.5 meq/1 Ca++ 

regenerant 

Control variable levels: Fresh regenerant concentration - 24 864 mgje TDS 
Average fresh regenerant flow rate - 7.8 .kL/min 
Volume of recycled regenerant, Regen 2 - 0 R 

Standard resin bed height: 1066 mm 

Resin bed volume: 97.3 e 

Operating Conditions 

#ode 

Bed 

Duration Throughput volbe Avq. flow rate expansion Temperature 

Input Output ___ i 8' r/ L min I ml" ,?.I n R "C 

Regeneration 1 
Recycled 
regenerant Waste 10 240 2.47 24.0 0.25 64 

Fresh Spent 
Regeneration 3 regenerant regenerant 205 1600 16.4 7.79 0.08 14 13.8 

Drain (Vent) Waste 3 62 0.64 20.7 0.21 - 

Rinse Feed Waste 10 170 1.75 17.0 0.17 

Service Feed Product 295 9050 93.0 30.7 0.32 - 

Tank Chemical Composition** 

Tank 
PH ++* 

units 
Conductivity Cd ++ 

Wcm u 
Mg TH 

w !!gg 

27 
36.0 5.20 

81; 
86.0 12.4 

T-33 7135 19.0 
4 

39.0 
811 

58.0 
1.92 5.34 7.76 

26 364 46.0 27 54.0 

7148 

322 

;:;a 4 560 50.0 7.20 

100 

*Calculated from TH minus Ca++ 
**Concentrations determined by operators' titrations 
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BlO-2 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

Process 
Made stream 

Regen 1 Infiuent 
Regen 1 Effluent 
Regen l/3 Effluent 

Influent Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Rinse 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 

Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Influent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Influent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Effluent 
Influent 
Effluent 

Throughput 
a/v -~ 

1.23 
1.48 
2.47 
2.87 
3.27 
4.c7 
4.88 
5.65 
6.48 
7.28 
a.08 
a.89 
9.69 

10.49 
11.29 
12.10 
12.90 
13.70 
14.50 
15.30 
16.11 
16.91 
17.71 
la.51 
la.91 
0.87 
1.75 
3.33 
3.33 
a.c6 

12.79 
17.52 
22.25 
26.98 
31.71 
36.44 
41.17 
45.89 
45.89 
50.62 
55.35 
60.08 
64.81 
69.54 
74.27 
79.00 
83.73 
813.46 
93.19 
94.76 
94.76 

Ca++ 
meq/.! 

TH * 
meq/e 

43.4 47.9 91.3 
45.9 41.7 87.6 
61.4 77.4 139 
13.7 38.4 52.1 
57.5 71.1 129 
58.9 72.9 132 
56.4 64.6 121 
56.9 56.8 114 
58.4 48.6 107 
54.4 43.0 97.4 
50.9 40.7 91.6 
46.9 39.1 86.0 
42.9 37.8 80.7 
39.9 36.2 76.1 
36.9 35.7 72.6 
34.9 34.6 69.5 
32.9 34.5 67.4 
30.9 34.7 65.6 
29.9 34.5 64.4 
28.9 34.6 63.5 
27.4 35.6 63.0 
26.4 35.0 61.4 
25.4 35.6 61.0 
24.6 36.0 60.6 
28.9 36.1 65.0 
17.7 33.3 51.0 
0.39 0.82 1.21 
7.19 4.71 11.9 
0.32 0.68 1.00 
0.31 0.67 0.98 
0.31 0.67 0.98 
0.31 0.66 0:97 
0.31 0.71 1.02 
0.33 0.81 1.14 
0.36 1.11 1.47 
0.43 1.64 2.07 
0.52 2.60 3.12 
7.09 4.70 11.8 
0.68 3.87 4.55 
0.85 5.74 6.59 
1.10 5.86 6.96 
1.37 6.46 7.83 
1.71 6.93 8.64 
2.09 7.17 9.26 
2.54 7.22 9.76 
2.94 7.19 10.1 
3.34 7.12 10.5 
3.74 7.02 10.8 
3.99 6.81 10.8 
7.29 4.12 12.0 
4.19 6.77 11.0 

Na+ 
seqle 

261 
102 
171 
330 
200 
226 
237 
256 
272 
284 
287 
294 
305 
307 
307 
312 
312 
310 
310 
311 
316 
311 
316 
318 
279 
312 
52.9 
38.0 
49.6 
49.6 
49.0 
48.8 
48.6 

2: 
4718 
47.0 
38.3 
45.2 
44.3 
43.0 
42.7 
41.9 
40.9 
40.7 
40.0 
39.8 
39.1 
39.1 
38.7 
39.4 

*Calculated from Ca ++ plus Mg++ 

102 



810-3 

Chemical Analyses of Significant Components in Composite Samples 

Sample 

PH 

TUS (talc) 

Conductivity @ 25 OC 

Silica 

Calcium 

Magnesium 

Sodium 

Potassium 

Iron. total 

Strontium 

Bicarbonate 

Sulfate 

Chloride 

T-alkalinity as CaCO, 

P-alkalinity as CaCOj 

Cd* 
IQ+-+ 

7.19 1.37 5.82 
4.71 4.05 0.66 

lx+ 
Nat 

11.90 5.42 6.48 
38.33 44.75 -6.42 

Cycle influent 
!-QJ i(eg Service 

7.10 6.96 7.32 

22 241 24 864 3171 

27 242 30 004 4829 

13 9 4 

870 274 145 

582 466 62.2 

6000 7600 874 

41.5 121 8.4 

co.03 <0.03 so.03 

17.8 3.3 1.9 

29.3 100 29.3 

5700 7000 930 

9000 9300 1120 

24 82 24 

ND ND. ND 

Cycle effluent 
R? Reg 

7.26 7.50 

15 851 23 992 

18 726 27 448 

11 8 

llC!O 840 

732 548 

3320 6820 

24.5 60.8 

dO.03 co.03 

19.3 15.2 

55.1 97.6 

3900 6570 

6700 9040 

45 80 

NO ND 

Service 

7.37 

3223 

4410 

4 

30.5 

54.1 

1024 

15.3 

co.03 

0.1 

29.3 

950 

1120 

24 

ND 

SERVICE PERFORMANCE SUMMARY- 

Resin capacity 
eol2 

ai 

:: 

0.541 
0.061 
0.603 

Ripse 

7.45 

14 398 

15 196 

9 

183 

233 

4490 

63 

co.03 

2.7 

65.9 

4100 

5260 

54 

ND 

*Calculated from Ca* plus Mg*+ 
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I 810-4 I I 

Regeneration 
Effluent 

.Avq. influent 
conc?ntrations. we9_/C 

=i 

ca;: $y ?g 

TH 
tta* 

91:3 52:1 
261 330 

F Calclvm 
*-- Ebgnesium 

*-.- Total hardness 

A. . . _ Sodium 

I 

I I I 

5 10 15 

Bed volumes 

Rinse and Service Effluent 
60 

L ,*' 
c .;,b 

.A- *A. .A- .A.' .& .A. .A,. .J * 
- 50 

AL. .A. 

c- Calcllm 
‘A. .A, 

9' 

‘A. .A. (t’ 2 
m- - - Maqnesim 

. .A’ .A. 
ii. +. - Total hardness A -A. -A. .A . -40 E 

A... . Sodium m 

4 ,Y 
P -a-m-.- 

- 

I, -30 

2 

.1’, CA 

-I-- 

42 0 lu 

3 

k 

- 
1 z 

- 20 0" 
4. 

2 

- 10 

I 
50 

Bed volumes 
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MOI-IE 

REGt'r 2 

REGFN 3 

DRAIN 1 

PIh5E 

SEUVICE 

OUAIN 2 

APPENDIX C - DATA FROM PHASE 2 

Cl-l 

Ion-Exchange - Run 3.02.00 

Date: 

Cycle: 

Conditions: 

Control Variables: 

Standard resin bed: 

2/14/79 

3.02.08 

Feedwater - Wellton-Mohawk drainage.pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS) iiF% 
Fresh regeneration flow rate (L/min) 3.0 
Recycled regenerant flow rate (L/min) 16.0 
Recycled regenerant volume (L) 800 
Service termination point (meq/C Ca++) 4.5 

Height = 1066 am 
Volume = 97.3 L 

Actual 
19 
3.0 
14.8 
800 
4.1 

Chemical Compositions of Tank Waters Prior to Cycle 3.02.08 

PH Conductivity Ca++ Mg 
++ 

TH 
Tank units US/cm meq/L meq/L mea/L 

Recycle regenerant (T-S) - 26 700 57.0 37.0 94.0 

Spent regenerant (~-6) 26 480 58.0 38.0 96.0 

Lime-softened feed (T-9) 7.4 5 136 8.00 6.80 14.8 

Fresh ED brine (T-28) 6.6 27 260 5.40 30.6 36.0 

IX product/ED feed (T-33) 7.1 5 750 1.60 4.60 6.20 

Cycle 3.02.08 Operating Conditions 

INPUT 

BE0 
DURATION THROUGHPUT VOLUHE AVG FLOW RATE EXPANSION TEYPEHATUUC 

OUTPUT HIN L bV L/HI& bV/MIN PI C 

RE HEtEN rlASTE 10 240 2.47 24.0 .25 53 17.a 

HE HCGc;N SP dE16Ed 54 I300 b.22 14.8 .lS 30 

FP REiEIl SP REGEN 310 933 V.59 3.0 .03 0.5 1Y.S 

IVtNT) WASTE 3 a2 .64 20.7 .+?I 0 

FEkO WASTE 10 100 1.64 16.0 .16 0 

Fttu PROOUCl 226 6d60 70.3 30.4 .31 0 

tvE’vT) wA>TE 2 41 .ui! 20.7 .21 0 
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Cl-2 

Fresh Regenerant Volume Balance 

Estimated 
Fresh fresh Estimated 

regenerant regenerant Service ED feed 
Run 3.02.00 volume (V3) TDS volume (Vs) TDS 

Cycle no. __ Date L mde e I mq/Z _ V3/(1-P)Vs 

01 z/9/79 1650 21 724 9070 3168 87 1.43 

02 2/l o/79 1650 21 724 a490 3168 87 1.53 

03 2/11/79 930 21 724 7830 3168 a7 0.94 

04 2/11/79 930 21 724 7050 3168 a7 1.04 

05 2/12/79 930 21 373 6960 3275 87 1.00 

06 2/13/79 930 21 039 7160 3372 86 0.92 

07 2113179 930 21 039 6530 3372 86 1.01 

08 2/l 4/79 933 21 109 6860 3565 85 1.10 

Influent and Effluent Compositions during Cycle 3.02.08 

PH 

TOS(E ions) 

Conductivity @ 25 OC 

Silica 

Calcium 

Magnesium 

Sodium 

Potassium 

Strontium 

Bicarbonate 

Carbonate 

Hydroxide 

Sulfate 

Chloride 

T-alkalinity as CaCO3 

P-alkalinity as CaCO 

units 

W L 

G/cm 

mq/ L 

W L 

mql L 

mq/ L 

W L 

w/ L 

nq/ L 

ngf L 

mg/L 

wf L 

mq/L 

mg/ c 

mg/L 

Regen I,2 
influent 

Regen 1 
effluent 

19 600 13 541 

Reqen 2 
effluent -- 

19 261 

1.0 9.6 10.0 

1050 1120 1320 

436 484 540 

5510 3110 4940 

22.6 14.3 20.8 

15.3 15.0 17.9 

107 98 122 

NO NO ND 

NO NO NO 

5240 3580 5100 

7220 5120 7200 

88 80 100 

NO NO ND 

106 

Regen 3 
Influent Effluent -- 

6.6 

19 993 

24 929 

a.3 

186 

303 

6560 

82 

2.4 

39.5 

ND 

ND 

5720 

7100 

32.4 

ND 

19 337 

a.6 

940 

334 

5650 

23.0 

13.1 

137 

ND 

ND 

5140 

7100 

112 

NO 

Rinse 
Service 

influent 

7.4 

3179 

5049 

7.2 

152 

60.0 

918 

a.2 

2.5 

24.4 

NB 

ND 

908 

1106 

20.0 

ND 

Rinse Service 
effluent effluent 

7.1 7.3 

17 011 3209 

22 490 5161 

a.1 7.3 

179 35.1 

209 52.3 

5580 1061 

69 12.9 

2.8 0.8 

41.0 22.0 

NO ND 

NO ND 

4720 914 

6210 1110 

33.6 la.0 

NO ND 



Cl-3 

MODE 
PROCESS THROUGHPUT CA MG TH NA 
STREAM BV MEQ/L MEG/L MEQ/L MEO/L 

REGEN 1 EFFLUENT 0.00 16.82 11.85 2b.67 63.98 
REGEN 1 EFFLUENT 1.23 72.85 53.ou 125.86 154.85 
REGEN 2 EFFLUENT 2.47 77.84 53.S8 131.42 153.13 
HEGEA 2 INFLUENT 3.08 52.40 35.86 68.2b 239.67 
REGEN 2 EFFLUENT 4.27 62.t17 42.63 105.51 222.71 
REGEN 3 EFFLUENT 10.69 5S.HY 38.27 94.1b 233.58 
REGEN 3 INFLUENT 12.55 9.28 24.94 34.22 285.34 
REGEN 3 EFFLUENT 13.10 52.40 32.SY b4.44 242.28 
HEGEN 3 EFFLUENT 15.52 46.41 23.13 69.53 247.06 
REGEN 3 EFFLUENT 17.43 30.92 lg.26 5b.18 263.16 
REGEN 3 EFFLUENT ZO.ib 38.52 25.02 63.94 257.50 
RINSE EFFLUENT 0.00 11.13 23.54 34.67 284.91 
A I 1.4 s E EFFLUENT .82 b.24 11.03 17.27 205.31 
SERVICE EFFLUENT 1.64 .32 .67 .L9 54.59 
SERVICE INFLUENT 4.45 7.73 5.00 12.74 39.80 
SERVICE EFFLUENT 25.Y8 .30 .75 1.05 50.54 
SERVICE I r,IFLUENT 38.14 7.63 4.91 12.55 39.10 
SERVICE EFFLUENT 50.31 1.53 5.79 7.32 44.45 
SERVICE EFFLlJENT 62.48 2.79 7.37 10.16 42.45 
SERVICE I NFLUENT 72.15 7.63 4.95 12.59 39.50 
SERVICE EFFLUENT 72.15 4.09 7.14 11.24 40.71 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

CYCLE 3.02.08 

Service Performance Summary 

CYCLE 3.02.08 

AvERAtiE CONCENTRPTIONS~ MEU/L REMOVAL 
INFLUENT EFFLUENT DIFFERENCE % 

CA 7.67 1.27 6.40 83 
MG 4.94 3.50 1.45 ZY 
TH 12.63 4.77 7.b5 62 
IVA 39.47 47.74 -8.27 

RESIN CAPACITY 
EQ/L 

.451 

.lU2 

.554 
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FIGURE A- a FIGURE A- b 
MRJOR CRTION CCJNCENTRflTIONS MflJOR CRTION CUNCENTRQTIONS OF 
OF IX REGENERRTION EFFLUENT IX RINSE FlND SERVICE EFFLUENTS 
CYCLE 3.02.08 CYCLE 3.02.08 

0 Calcium 
o Magnesium 

n Total hardness 

0 Sodium 

Avg. influent 285 
34.7 

23.5 
11.1 

a , > 
eq II Reg 2 Reg 3 1 

t-2 

I I I I 0- 
6 

5Eo G-UMES 
18 24 -0 

0 Calcium Avg. influent 
0 Magnesium concentrations, meq/L 

n Total hardness Cat+ 
o Sodium 

7.67 
205 t1g++ 4.96 

TH 
Nat 

12.6 
39.5 

/---Rinse 

- Service I 
I 

19 
5ED %LUMES 

57 76 - 



c2-1 

Ion-Exchange - Run 3.Ol.OOC 

Date: l/27/79 

Cycle: 3.01.3zc 

Conditions: Feedwater - Wellton-Mohawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled reqenerant and fresh ED brine 

Control Variables: 
Fresh regeneration cont. (mg1.C TDS) 
Fresh regeneration flow rate (e/Fin) 
Recycled regenerant flow rate (e/min) 
Recycled regenerant volume (L) 
Service termination point (meq/C Ca++) 

Standara resin bed: Height = 1066 mn 
Volume = 97.3 f. 

2% 
Actual 
22 

8.0 8.0 
16.0 X4.6 
800 800 
1.5 1.3 

Chemical Compositions of Tank Waters Prior to Cycle 3.01.32C 

PH Conductivity 
cc 

d+ 
lank units uS/cm &- 

TH 
mes/L mea/.? 

Recycle regenerant (T-5) - 27 600 42.0 48.0 90.0 

Spent regenerant (~-6) - 27 300 56.0 44.0 100 

Lime-softened feed (T-9) 7.5 4 794 7.20 6.0 13.2 

Fresh ED brine (T-26) 6.6 29 350 4.00 22.0 26.0 

IX product/E0 feed (l-33) 7.1 5 283 0.56 2.24 2.80 

Cycle 3.r)l.32C Ogeratino Conditions 

DURATION THROUGHPUT VOCW’E 

OIJTPOT MIN L t3V 

AED 
AVG FLOW RATE EXPANSION 

L/HIN RV/MIN c, 

unsrt 10 240 2.47 24.00 .25 

SP ‘(EGEN 55 ROO d.22 14.5.5 .15 

So HFGEN 94 ?Sd 1.73 El.00 .OR 

UASTF 3 62 .64 20.71, .71 

UASTE 10 160 l.b* ltl.Oll .16 

PQlll(lCT 1’6 3270 5*.16 ZY.Qk .31 

NASTF: 2 41 .C? 20.70 .21 

59 

33 

10 

TEMPEHATU~E 
C 

13.0 

12.5 
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Run 3.Ol.OOC 
cycle no. Date 

01 l/14 
02 l/14 
03 l/15 
04 l/14 
05 l/16 

i; 
l/16 
l/16 

19 l/22 
20 l/22 
21 

;: l/23 
24 l/23 

sz 
l/24 
l/25 

27 1;25 

P" 

TOS (z ions) 

Conductivity @ 25 OC 

Silica 

Calcium 

Magnesium 

Sodium 

Potassium 

Strontium 

Bicarbonate 

Carbonate 

Hydroxide 

Sulfate 

Chloride 

T-alkalinity as CaCO3 

P-alkalinity aI CaCO 

Units 

m9lL 

Wcm 

mg/L 

m9l.t 

m9lL 

m9lL 

m9iL 

mg/L 

mg/L 

m9lL 

m9lL 

mg/L 

m9lC 

mg/e 

m9lL 

lj25 
l/26 

30 l/26 
31 l/26 
32 l/27 

c2-2 

Fresh Regenerant Volume Balance 

Fresh 
regenerant 
volume (V,) 

e 

1800 
800 
800 
800 
800 
600 
600 
700 
700 
700 
700 
900 
900 
750 
750 
750 
760 
750 
750 
750 
750 

Estimated 
fresh 

regeneran 
TOS 

mg/L 

21 300 
21 300 
21 300 5450 3550 
19 000 5660 2890 
19 000 5580 2890 
18 000 
18 000 
18 000 
18 000 
22 800 
22 500 
22 500 
22 500 
20 200 
20 200 
20 200 
21 300 

Estimated 
Service ED feed 

volume (Vs) TOS 
e w/t 

7650 
5940 
5500 3190 
5780 3190 
4670 3550 
5680 3550 

5230 2830 
4850 2830 
6560 2830 
6450 2830 
6050 3220 
5850 3330 
5580 3330 
5700 3330 
5230 3120 

R 
p V,/(l-R)Vs 

87 1.76 
87 1.01 

i: 
1.09 
1.03 

85 1.16 
85 0.71 
85 0.74 
87 0.95 
87 0.97 

:: 
1.00 
1.08 

:: 
1.02 
1.05 

:; 0.99 1.01 

87 1.03 
87 1.01 
87 1.07 

5770 3120 87 0.97 
5520 3120 87 1.01 
5270 3275 86 1.06 

Influent and Effluent Compositions during Cycle 3.01.3X 

Regen 1,2 Regen 1 
influent effluent -- 

20 450 

- 

13 596 30 039 

<l <l cl 

870 910 1060 

524 471 594 

5760 3460 5370 

27.7 29.0 41.0 

15.7 13.0 16.0 

93 73 98 

NO NO NO 

NO NO NO 

5460 3440 5260 

7700 5200 7600 

76 60 80 

NO NO NO 

Regen 2 
effluent 

110 

Regen 3 
Influent Effluent -- 

7.6 

22 280 

31 600 

8 

63 

99.2 

7960 

64.0 

0.7 

63.4 

ND 

ND 

6370 

7660 

52.0 

NO 

21 150 3082 12 424 3149 

cl 7 8 

790 130 191 

357 55.0 75.3 

6520 898 4180 

49.0 8.1 30.7 

12.0 2.0 3.5 

102 24.4 43.9 

ND ND NO 

ND ND ND 

5740 934 3600 

7580 1030 4300 

84 20.0 36.0 

NO NO NO 

7 

13.8 

23.1 

1084 

Il.0 

so.1 

22.9 

NO 

ND 

964 

1030 

18.8 

ND 

Rinse& 
service 

influent 
Rinse Service 

effluent effluent 



C2-3 

Major Cation Concentrations of Samples Analyzed by Atomic 

MODE 

REGEN 1 
FEGFN 1 
REGEN 2 
REGEI‘I 2 
REGEN 2 
REGEW 3 
REGE”J 3 
REGEN 3 
RFGEY 3 
REGEN 3 
REGEN 3 
RINSF 
RINSE 
SERVICE 
SERVICE 
SEHVICF 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

EFFLUENT 0.00 
EFFLUENT 1.23 
EFFLUENT 4.~8 
INFLUENT 4.86 
EFFLUENT 7.85 
EFFLUENT 10.69 
INFLIJENT 11.27 
EFFLUENT 12.58 
EFFLUENT 14.47 
EFFLtJENT 16.36 
EFFLUENT la.42 
EFFLUEhT 0.00 
EFFLIJENT .H2 
EFFLlJENT 1.64 
I NFLUENT 3.49 
EFFLUENT 20.72 
I NFLUENT 30.26 
EFFLiJENT 37.Y6 
EFFLUENT 49.34 
EFFLUENT 55.61 

CYCLE 3.01.3x 

THROUGHPUT CA 
BV MEO/L 

14.2‘7 
58.Sd 
63.97 
43.41 
50.50 
51.40 

3.14 
50.‘)0 
39.92 
32.93 
34.43 
19.n1 

.Sl 
.35 

6.59 
.36 

rj.f?4 

.51 

.93 
1.32 

MG TH 
MEQ/L MEQ/L 

lG.37 24.6L 61.55 
51.20 llO.lh 164 .Y5 
54.57 118.44 218.36 
43.13 86 .54 250.54 
47.16 96.06 736.19 
45.76 57.16 243.58 

8.16 11.31 346.24 
35.31 66.71 277.95 
24.44 64.36 292.74 
17.hl 50.55 305.35 
23.46 57,8q 285.34 
12.16 31.19 313.18 

.35 .87 58.37 

.24 .59 50.20 
4.64 11.23 39.19 

.26 .6;? ‘t9.63 
6.58 11.21 38.71 
1.14 1.66 48.38 
3.28 4.22 46.28 
4.48 5.60 44.63 

Absorption 

YA 
PE’g/L 

Service Performance Summary 

CYCLE 3.01.32C 
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FIGURE $ 
MFiJOR CRdN CONCENTRflTIONS 
OF IX REGENERRTION EFFLUENT 
CYCLE 3.01.32C 

FIGURE A- b 
MRJOR CF1TION CONCENTRHTIONS OF 
IX RINSE AND SERVICE EFFLUENTS 
CYCLE 3.01.32C 

0 Calcium 
0 Magnesium 
A Total hardness 
0 Sodium 

Avg. inflcent 313 

concentrations, meq/t 

Ca++ 
Keg 1 L 

43.;1 
Mg++ 43.1 
THt 86.5 11.3 
Na 251 346 -<" 

E 
z 

1 
t- 

.N 
c.!l 
z. 

C; 
c-2 

0 Calcium Avg. influent 
o Magnesium concentrations meq/L ~ -L- 
A Total hardness Cat% 6.61 
0 Sodium Nat+ 4.61 

TH 11.2 
Nat 39.0 

Oo--’ I I 

14 

i3Eo ZLUMES 
C 112 . 

I 
I 
1 
1 33 



MODE 

REGEN 1 

REGEN 2 

REGEN 3 

DRAIN 1 

l4INS.E 

SERVICE 

DRAIN 2 

INPUT 

c3-1 

Ion-Exchange - Run 3.02.OOC 

Date: 

Cycle: 

Conditions: 

Control Variables: 

Standard resin bed: 

2/l/79 

3.02.12C 

Feedwater - Wellton-Mohawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS) E% 
Actual 

Fresh regeneration flow rate (L/min) 
20 

Recycled regenerant flow rate (L/min) 
3.0 3.2 

Recycled regenerant volume (L) 
16.0 14.6 

Service tenination point (meq/L Ca++) K 
800 
1.2 

Height - 1066 mm 
Volume = 97.3 L 

Chemical Compositions of Tank Waters Prior 

Rt REGEN WASTE 10 240 2.41 26.0 

RE FIEGEN SP REGEN 55 ROO 8.22 14.5 

FR REGEN SP HEGEN 280 &b3 9.08 3.15 

IVENT t WASTE 3 62 .bc 20.1 

FEED WASTE 10 140 1.44 14.0 

FEED PRODUCT 203 5910 60.7 29.1 

(VENT1 WASTE 2 41 .42 20.7 

PH Conductivity 
Tank units Wcm 

Recycle regenerant (T-5) 27 250 

Spent regenerant (T-6) 27 150 

Lime-softened feed (T-9) 7.5 4 938 

Fresh ED brine (T-28) 7.2 27 300 

IX product/ED feed (T-33) 7.4 5 301 

to Cycle 3.02.12C 

Ca++ Mg* TH 
mea/L meq/C mea/L 

40.0 28.0 68.0 

41.0 29.0 70.0 

6.80 5.20 12.0 

6.40 6.8G 13.2 

0.56 2.04 2.60 

OUTPUT 

Cycle 3.02.12C Operating Conditions 

BE0 

DlJItAT ION THROUGHPUT VOLUME AVG FLOW HATE EXPANSION TE~~PEHATWE 

HIN L LiV L/HlN kIV/MIN * C 

113 

.25 61 

.15 32 

.03 2 

.21 0 

.16 0 

.30 0 

.21 0 

14.6 

15.2 



C3-2 

Fresh Regenerant Volume Balance 

Estimated 
Fresh fresh Estimated 

regenerant regenerant Service ED feed 
Run 3.02.OOC volume (V3) TOS 

cycle no. Date e w/l 
volume (V,) TDS R 

e w/t & V3/(1-R)V, 

01 l/27 900 3275 6230 5283 86 1.07 
02 l/28 900 3275 6320 5283 1.06 
:4" l/29 l/28 5700 900 3275 3294 5930 7510 5283 5313 ii: 1.12 

4.96 
0"; l/29 840 840 3294 3206 6030 6610 5313 :"5 0.83 

l/30 5171 85 0.94 
09 l/31 840 3317 6000 5350 86 0.98 
vi l/31 840 840 3317 3317 6420 6180 5350 5350 86 0.92 

l/31 0.05 
12 2/l 840 3287 5910 5301 0.97 

Influent and Effluent Compositions during Cycle 3.02.12C 

PH 

TDS (z ions) 

Conductivity @ 25 OC 

Silica 

Calcium 

Magresium 

Sodium 

Potassium 

Strontium 

Bicarbonate 

Carbonate 

Hydroxide 

Sulfate 

Chloride 

T-alkalinity as CaCO3 

P-alkalinity as CaCO 

units 

m9/ L 

d/cm 

m9/L 

V/L 

mgl L 

mg/ L 

mg/ L 

mg/ L 

mg/L 

mg/ L 

v/ L 

mg/L 

W L 

m9/ L 

v/L 

Regen 1,2 Regen 1 Regen 2 Reqen 3 
influent effluent effluent lnfluent Effluent --- ~- 

19 861 

- 

e1.0 

890 

408 

5680 

32.8 

12.2 

97.6 

NO 

NO 

5580 

7160 

.80 

ND 

13 458 19 376 

Cl.0 x1.0 

950 1110 

486 536 

3280 5150 

16.5 27.0 

12.5 14.9 

73 98 

ND NO 

ND ND 

3700 5420 

4940 7020 

60 80 

NO ND 

114 

6.7 

20 361 

28 576 

10 

24.4 

117 

7060 

73 

1.1 

65.9 

ND 

ND 

5900 

7120 

54.0 

ND 

19 789 

<l.O 

820 

295 

5840 

31.3 

11.0 

ll? 

NO 

ND 

5640 

7040 

92 

ND 

Rinse 
service 

influent 

7.5 

3052 

4994 

7 

141 

58.7 

879 

8.0 

2.4 

26.8 

NO 

NO 

936 

1000 

22.0 

NO 

Rinse Service 
effluent effluent ___~ 

7.3 7.6 

4917 3137 

7907 5275 

8 9 

7.8 8.8 

7.2 22.9 

1752 1097 

17.9 12.5 

0.4 0.5 

31.7 12.9 

ND ND 

NO ND 

1550 980 

1550 1002 

26.0 10.6 

ND ND 



c3-3 

Major Cation Concentrations of Samples Analyzed 

MOOE 

PEGEN 1 
REGEN 1 
REGEN 2 
REGEN 2 
REGF.N 2 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
SEGV ICE 
SERVICE 
SEPVICF 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

THHO~JGHPUT CA 
BV MEQ/L 

EFFLUENT 0.00 
EFFLUENT 1.23 
EFFLUFNT 2.47 
I NFLIJENT 3.06 
EFFLUENT 6.50 
CFFLUENT 10.69 
INFLUENT 10.d5 
EFFLUENT 12.YY 
EFFLUENT 15.23 
EFFLUENT 17.50 
EFFLlJENT lY.7H 
EFFLUENT 0.00 
EFFLUENT .72 
EFFLUENT I.44 
INFLUENT 3.23 
EFFLUENT 21.49 
I NFLUENT 31.36 
EFFLUENT 41.53 
EFFLUENT 51.41 
I NFLUENT 62.lb 
EFFLUENT 62.16 

CYCLE 3.02.1X 

12.57 9.8& 22.45 55.42 
65.37 54,YO 120.27 161.131 
66.87 54.40 121.27 200.09 
44.41 33.58 77.94 247.06 
52.41) 41.15 Y3.55 225.36 
4u.40 37.70 86.10 260.55 

1.22 9.63 lO.dS 307.09 
45.41 33.OY 78.50 254.89 
GO.42 20.16 60.5t! 25Y.68 
35;43 12.10 47.53 275.34 
36.43 18.rjS 55.27 260.55 

.61 .99 1.60 103.09 
.14 .21 .a5 51.11 
.lJ .IY .3% 49.33 

7.2~ 4.85 lil.Ob 38.49 
.13 .20 .33 4P.63 

7.14, 4.&H 12.07 3H.41 
.22 1.02 1.24 48.11 
.4Y 2.89 3.3H 46.15 

7.1Y 4.61 12.ou 3d.06 
1.19 4.Y4 6.13 43.58 

Service Performance Summary 

CYCLE 3.02.12C 

by Atomic Absorption 

MG 
MEO/L 

AVERAGE CONCENTRATIONSI Mii’O/L REMOVAL 
INFLUENT EFFLUENT DIFFERENCE H 

CA 7.20 .31 6.90 Y6 
MG 4.85 1.26 3.57 74 
TH 12.05 1.5H 10.47 87 
hA 38.32 47.75 -9.43 

TH 
MEO/L 

NA 
MEQ/L 

HESIN CAPACITY 
EG/L 

,419 
.217 
.636 
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FIGURE A- a 
MFIJOR CRTTON CONCENTRRTIONS 
OF IX REGENERFITION EFFLUENT 
CYCLE 3.02.12C 

0 Calcium 

0 Magnesium 
A Total hardness 
0 Sodium 

Avq. influent 

n 

Nat 247 307 

Req 1 Reg 2 --/- Regw 
I I 

5 
BE0 ~~OLUMES 

15 26 

FIGURE A- b 
MRJOR CFITION CONCENTRRTIONS OF 
IX RINSE FIND SERVICE EFFLUENTS 
CYCLE 3.02.12C 

103 0 Calcium Avg. influent 

0 Magnesium concentral- 

A Total hardness -----ET 

o Sodium 
Mg++ 

THl 

:ions, meq/L 
7.20 
4.85 

12.0 
Na' 38.3 < 



c4-1 

Ion-Exchange - Run 3.01.00 

HOOE IiFtPUT OUTPUT HIN L dV L/HIN liV/HIN s C 

kEGEN 1 

REGEN 2 

RSGFN 3 

DRAIN 1 

RlNSE 

SEaVICE 

DRAIN 2 

RE HEGEN 

Rt kEGEN 

FR RE’.,EN 

(VENT) 

FEED 

FEED 

(VENT1 

WASTE 

SP REGEN 

SP REGEN 

WASTE 

WASTE 

PROOUCT 

WASTE 

10 

55 

175 

3 

10 

322 

2 

160 

9640 

41 

2.47 24.0 .25 5c( 

0.22 14.5 .lS 33 

12.Y 7.18 .07 10 

.b4 20.7 .21 0 

1.b‘. 16.0 .lb 0 

99.1 29.9 .31 0 

. 42 20.7 .21 0 

16.9 

15.7 

Date: 

Cycle: 

Conditions: 

Control Variables: 

Standard resin bed: 

2/a/79 

3.01.15 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerint and fresh ED brine 

Actual 
Fresh regeneration cont. (mg/L TOS) 
Fresh regeneration flow rate (L/min) 8.0 
Recycled regenerant flow rate (L/min) 16.0 
Recycled regenerant volume (L) a00 
Service termination point (meq/L Ca++) 4.5 

25-m 
7.2 
14.6 
800 
4.6 

Height = 1066 mn 
Volume 0 97.3 

Chemical Compositions of Tank Waters Prior to Cycle 3.01.15 

PH Conductivity Ca++ Mg* TH 
Tank units us/cm meq/C meq/L mea/L 

Recycle regenerant (T-5) - 29 710 45.0 37.0 82.0 

Spent regenerant (~-6) 29 960 47.0 35.0 82.0 

Lime-softened feed (T-9) 7.7 4 705 7.20 5.20 12.4 

Fresh ED brine (T-28) 6.8 27 850 10.0 25.2 35.2 

IX product/ED feed (T-33) 7.2 5 161 1.76 4.84 6.60 

Cycle 3.01.15 Operating Conditions 

ClEO 
DURATION THHOUGh?UT VOLUME AVG FLOr PATt EXPANSION TEqPEdATURE 
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C4-2 

Fresh Regenerant Volume Balance 

Fresh Fresh 
regenerant regenerant Service 

E;;i;n:;d 

Run 3.01.00 volume (V3) TOS TOS 
Cycle no. Date e w/-t v"'um; (vs) msl.! ! Vs/(l-R)Vt - 

2/5/7g 960 21 800 9850 3317 a7 0.73 
2/5/ 79 960 21 800 9860 3317 a7 0.73 

i: 216179 217179 ~1260 %1260 21 21 500 200 10460 9860 3317 3497 :z 0.94 0.83 
217179 %1260 21 200 9920 3497 a5 0.87 
2/8/ 79 1257 21 700 9640 3200 87 1.01 

Influent and Effluent Compositions during Cycle 3.01.15 

PH units 

TOS(2 ions) mg/L 

Conductivity @ 25 OC d/cm 

Silica mg/L 

Calcium mg/L 

Magnesium mgi L 

Sodium mgl L 

Potassium mgf L 

Strontium mg/L 

Bicarbonate mg/ L 

Carbonate mg/L 

Hydroxide mbl L 

Sulfate mg/L 

Chloride mgl L 

T-alkalinity as CaCOa mgf L 

P-alkalinity as CaCO mgl L 

Regen 1.2 
influent 

Regen 1 Regen 2 Regen 3 
effluent effluent Tnfluent Effluent ~- -- 

22 204 14 705 21 652 

cl.0 a a 

980 1260 1400 

312 452 445 

6620 3540 5780 

26.5 16.1 23.2 

12.0 15.3 17.3 

142 122 146 

NO NO ND 

NO NO NO 

5900 3600 5700 

8340 5700 8140 

116 100 120 

NO ND NO 

118 

6.7 

20 608 

28 000 

13 

181 

292 

6760 

59.7 

2.0 

73.2 

ND 

NO 

6050 

7190 

60.0 

ND 

21 083 

10 

810 

270 

6360 

27.2 

9.8 

146 

NO 

NO 

5800 

7660 

120 

ND 

Rinse 
service 

influent 

7.1 

3019 

4742 

8 

140 

58.5 

870 

8.0 

2.3 

24.4 

ND 

NO 

876 

1040 

20.0 

NO 

Rinse 
effluent -- 

7.0 

20 804 

27 527 

11 

260 

298 

6900 

59.3 

3.5 

73.2 

ND 

ND 

5940 

7270 

60.0 

NO 

Service 
effluent 

7.0 

3010 

4902 

a 

40.9 

53.0 

967 

10.5 

0.8 

23.4 

NO 

ND 

a74 

1040 

19.2 

NO 



c4-3 

CA 7.04 1.54 5.49 70 .544 

MG 4.42 3.36 1.04 23 .103 

TH 11.45 4.93 6.53 57 .647 

NA 35.57 42.04 -6.47 

Major Cation Concentrations of Samples Analyzed by Atom 

MODE 

REGEN 1 
REGEN 1 
REGEN 2 
REGEN 2 
REGEN 2 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

CYCLE 3.01.15 

PROCESS 
STREAM 

THROUGHPUT CA 
MtQ/L 

EFFLUENT 
EFFLUENT 

RV 

EFFLUENT 
INFLUENT 
EFFLUENT 
EFFLUENT 
INFLUENT 
EFFLUENT 
EFFLUENT 
EFFLUENT 
EFFLUENT 
EFFLUENT 
EFFLUENT 
EFFLUENT 
INFLUENT 
EFFLUENT 
INFLUENT 
EFFLUENT 
EFFLUENT 
INFLUENT 
EFFLUENT 

0.00 
1.23 
2.47 
3.06 
6.50 

10.69 
11.65 
13.87 
17.11 
20.36 
20.61 

0.00 
.82 

1.64 
4.41 

35.80 
52.72 
69.95 
86.87 

100.72 
100.72 

M&L 
TH 

MEQ/‘- 
NA 

MEQ:L 

17.37 12.51 29.88 62.46 
82.83 53.33 136.17 176.60 
86.83 52.52 138.35 221.84 
48.90 25.68 74.58 287.95 
67.37 35.31 102.67 287.95 
54.89 27.65 82.54 280.56 

9.03 24.03 33.06 294.04 
44.41 22.96 67.37 267.94 
35.43 21.48 56.91 304.05 
31.94 22.22 54.16 303.61 
35.93 22.88 58.81 317.09 
12.67 23.62 36.30 302.74 
13.47 22.22 35.70 287.08 

.31 .56 .87 48.85 
7.04 4.35 11.39 35.54 

.30 .77 1.08 45.24 
7.04 4.44 11.48 35.80 
1.94 6.14 8.08 37.89 
3.64 6.44 10.08 36.84 
7.04 4.45 11.39 35.36 
4.59 6.25 10.84 36.36 

Service Performance Summary 

CYCLE 3.01.15 

ion 

AVERAGE CONCENTHATIONSv MEOIL HEMOVAL RtSIN CAPiiCITY 

INFLUENT EFFLUENT DIFFEtiENCE 5 EO/L 
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FIGURE& a 
MFlJOR CRTION CONCENTRRTIONS 
OF IX REGENERRTION EFFLUENT 
CYCLE 3.01.15 

0 Calcium 
I\lagnesium 

z Total hardness 
0 Sodi um 

Avg. influent 
concentrations, meq/L 

Ca+t $J:'g' E&j3 

Fig++ 35.3 24.0 
TH 103 33.1 
Na+' 288 294 

i 
kg I/-- Req 2 ---k- Req 3 --i 

I I I 
G 

BED VOLUMES 
18 24 

FIGURE A- b 

MFlJOR CFlTION CONCENTRRTIONS OF 
IX RINSE FlND SERVICE EFFLUENTS 
CYCLE 3.01.15 

303 t 0 Calcium Avg, influent 
36.3 o Magnesium concentrations, meq/L 
23.6 A Total hardness 
12.7 0 Sodium Mg caT+ 4.42 

0 287 TH 11.5 

co Naf 

I 
-0 26 

BED %LUMES 
78 1OP 



c5-1 

Ion-Exchange - Run 3.03.00 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

3/3/79 

3.03.28 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS) %%% 
Actual 
33 

Fresh regeneration flow rate (L/min) 5.5 
Recycled regenerant flow rate (L/min) 8.0 
Recycled regenerant volume (L) 1600 
Service termination point (meq/L Ca++) 3.0 

2," 
1600 
2.2 

Weight = 1066 eln 
Volume - 97.3 L 

Chemical Compositions of Tank Waters Prior to Cycle 3.03.28 

PH 
Tank 

Conductivity Ca++ Mg++ TR 
units US/cm meqjCmeq/L mea/L 

Recycle regenerant (T-5) - 41 855 48.0 54.0 102.0 

Spent regenerant (~-6) 41 256 47.0 57.0 104.0 

Lime-softened feed (T-9) 7.4 5 560 8.80 5.60 14.4 

Fresh ED brine (T-28) 6.1 45 246 7.20 27.2 34.4 

IX product/ED feed (T-33) 7.0 5 845 0.80 3.80 4.60 

Cycle 3.03.28 Operating Conditions 

Bed 
Duration Throughput Volume Avg. Flow Rate Expansion Temperature 

Mode Input output Min L BV L/Min BV/Min x C 

Regen 1 Re Regen Waste 10 240 2.47 24.0 .247 59 16.2 

Regen 2 Re Regen SP Regen 201 1600 16.4 7.96 .082 12 

Regen 3 Fr Regen SP Regen 120 702 7.21 5.85 .060 6.8 16.7 

Drain 1 (Vent) Waste 3 62 .64 20.7 .210 0 

Rinse Re Waste 10 160 1.64 16.0 .164 0 

Service Feed Product 238 7030 72.2 29.5 .304 0 

Drain 2 (Vent) Waste 2 41 .42 20.7 .210 0 
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C5-2 

Fresh Regenerant Volume Balance 

Run 3.03.00 
Cycle no. Date 

17 2123179 

18 2/24/79 

19 2/24/79 

20 2/25/79 

21 2/25/79 

23 2/28/79 

24 3/l/79 

25 3/l 179 

26 3/2/79 

27 3/2/79 

28 313179 

Estimated 
Fresh fresh 

regenerant regenerant 
volume (Vs) TDS 

L w/L 

385 37 030 

385 37 030 

385 37 030 

?85 37 030 

660 37 030 

660 3.5 150 

660 34 820 

660 34 820 

660 34 790 

660 34 790 

702 34 920 

Estimated 
Service ED feed 

volume (V,) TDS 
L m/L r: - 

7520 3740 91 

6690 3740 91 

6750 3740 91 

6130 3740 91 

2830 3740 91 

7780 3460 91 

7630 3520 91 

7330 3520 91 

8170 3520 91 

7520 3520 91 

7030 3620 91 

PH 

TDS(z ions) 

Conductivity @ 25 OC 

Silica 

Calcium 

Magnesium 

Sodium 

Potassium 

Strontium 

Bicarbonate 

Carbonate 

Hydroxide 

Sulfate 

Chloride 

T-alkalinity as CaCOs 

P-alkalinity as CaCO 

Influent and Effluent Compositions during Cycle 3.03.28 

units 

mg/L 

US/cm 

m9fL 

mql L 

mq/L 

mq! L 

mq/ L 

mq/L 

mq/ L 

mq/L 

mg/L 

mg/L 

mg/L 

mql L 

mq/L 

Reqen 1.2 Reqen 1 Regen 2 Reqen 3 
influent effluent effluent Influent Effluent -_L_- ~- 

31 372 21 368 30 998 

8.4 8.4 7.8 

880 1440 1310 

652 765 763 

9610 4980 8820 

60 24.1 40.7 

17.2 21.0 21.0 

73.2 78.1 83.0 

ND ND NO 

ND ND ND 

7300 5320 7140 

12 780 8740 12 820 

60 64 68 

NO NO NO 

122 

Vs/(l-R)VL 

0.58 

0.65 

0.64 

0.71 

2.59 

0.99 

0.97 

1.01 

0.91 

0.99 

1.12 

4.8 - 

33 873 32 536 

44 854 - 

8.0 7.8 

128 910 

337 459 

11 780 10 430 

98 47.2 

1.1 16.5 

10.7 73.2 

ND ND 

ND ND 

9040 7940 

12 480 12 660 

8.8 60 

ND ND 

Rinse 
service Rinse Service 

influent effluent effluent --- 

7.5 5.3 7.4 

3370 29 053 3467 

5481 39 608 5822 

10.9 7.9 11.6 

167 221 14.9 

68.5 255 44.6 

942 10 020 1168 

10.0 91 13.7 

2.2 4.2 <o. 1 

34.2 12.2 31.7 

ND NO ND 

NO ND ND 

950 7520 974 

1196 10 930 1220 

28.0 10.0 26.0 

ND ND ND 



c5-3 

MODE 

HEGEFJ 1 
FEGEN 1 
REGEPJ 2 
PEGEN 2 
R E GE “I 2 
REGE’,J 3 
REGEN 3 
REGFTN 3 
HEGE”J 3 
REFEh 3 
FIFIr1tLr1 3 
H I N S E 
RINSE 
SERV ICF 
SE&VICE 
SERVICE 
SERVICE 
SERVICE 
SEPV ICE 
SERVICE 
SERVICE 

Major Cation Concentrations of Samples Analyzed by Atom ion 

CYCLE 3.03.28 

IC msorpr; 

PROCESS 
STREAM 

EFFLUENT 0.00 
EFFLUENT 1.23 
EFFLUENT 2.47 
I NFLUENT 3.12 
EFFLUE”JT 10.64 
EFFLUENT lb.bs, 
ir!FLuEPJT 19.67 
EFFLIJENT 2O.hY 
EFFLUENT 22.50 
EFFLUEYT 24.30 
EFFLUENT 26.10 
EFFLUENT O.UU 
EFFLUENT .b2 
ECFLUE~~T 1.6+ 
IEIFLuE:~T 4.36 
EFFLUENT 28.36 
INFLIJENT 3b.38 
EFFLUENT SO.22 
EFFLUENT 61.75 
I NFLUENT 73.50 
EFFLuEINT 73.YO 

THROUGHPUT CA 
BV MkO/L 

19.96 14.b5 34.61 
101.30 93.09 lY4.3b 

96.dl 92.39 174.19 
43.91 53.tJf-l 47 .s7 
33.64 52.43 106.32 
4b.Yl 51.26 98.16 

b.3Y 27.74 34.12 
53.3Y 4Y.22 10Z.61 
47.41 33.33 bO.74 
34.lc2 27.57 66.99 
37.43 26.42 ti3.84 
13.12 S0.7a 63.41 

9.13 14.YO 24.03 
.16 .33 .44 

8.13 5.70 13.bC 
.ll .24 .3S 

d.13 5.67 13.kicl 
.ilY 2.87 3.17 
.Yti 6.Y3 7.89 

4.43 s.7u 14.13 
2.2U 8.48 10.67 

YG 
HEQ/L 

Service Performance Summary 

CYCLE 3.03.28 

AVEHAGE CONCENTHAT IONS 9 MtiU/L REMOVAL 
INFLUENT EFFLUENT OIFFEt4Ehc:t: CP 4 

CA 8.23 .4r 7.7b 94 
MG 5.69 2.65 3.04 53 
TH 13.9% 3.13 10.79 78 
NA 40.34 52.61 -12.27 

TH 
MEU/L 

NA 
PEO/L 

Y0.47 
2Sl .rl 
531.4; 
41P.01 
407.57 
414.Yb 
512.40 
454 .zi!zi 
4h7.59 
472.3k-i 
497,jY 
!J,J+ .00 
3Fio. 17 

60.10 
40.10 
53.Hl 
46.41 
51.24 
47.76 
40.50 
44.45 

RtSIN LAP&CITY 
kU/L 

.5bO 

. 219 

.7h0 
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FIGURE A- a FIGURE y- b 
MRJOR CRTTON CONCENTRRTIONS MQJOR WITION CONCENTRRTIONS OF 
OF IX REGENERFITION EFFLUENT IX RINSE RND SERVICE EFFLUENTS 
CYCLE 3.03.28 CYCLE 3.03,L8 

0 Calcium Ava. influent 505 
Maqnesium 

_I 

Total hardness 
concentrations, meq/L 63.9 

0 Sodi urn Ca++ 
Mg++ 
TH 

7 21 28 

0 Calcium Avg. influent 

380 0 Maqnesium concentrations, meq/! 

n Total hardness Ca++ 8.23 

1 f$.!l 
. 0 Sodium 

Ma++ 5.69 
TH 13.9 
Na+ 40.3 ( 

- Rinse 

- 

19 
BED ZLUMES 

57 76 O 



C6-1 

Ion-Exchange - Run 3.04.00 

Rate: j/12/79 

Cycle: 3.04.23 

Conditions: Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Control variables: Fresh regeneration cont. (mg/L TDS) 
Fresh regeneration flow rate (L/min) 

Foe; Actual 

Recycled regenerant flow rate (L/min) 
5.5 353 igo 

Recycled regenerant volume (L) 
None * None 

Service termination point (meq/L Ca++) :O,, 
None 
2.4 

Standard resin bed: ;;;d;: = 1066 mm 
= 97.3 L 

Chemical Compositions of Tank Waters Prior to Cycle 3.04.23 

PH 
Tank 

Conductivity -Ca++ Mg++ TH 
units us/cm meq/Lmeq/L meq/L 

Recycle regenerant (T-5) _ 40 631 53.0 71.0 124.0 

Spent regenerant (~-6) 40 530 53.0 69.0 122.0 

Lime-softened feed (T-9) 7.6 5 330 9.20 5.20 14.4 

Lime softened feed (T-10) 7.5 5 394 10.0 4.40 14.4 

Fresh ED brine (T-28) 6.1 44 044 7.60 30.4 38.0 

IX product/ED feed (T-33) 7.0 5 651 1.04 2.16 3.20 

Cycle 3.04.23 Operating Conditlons 

WASTE 10 CSll z.*7 c4.n .267 Sh 19.5 

5P AEGEN '40 52!z 5.~6 5.44 .O’=h -3.2 20.1 

WASTF 3 bd .h4 20.7 .?10 0 

WASTE k0 150 1.54 L5.U ,154 0 

PPOOUCT 162 5c7u 5b.C JU.1 .3n* 0 

WASTE 2 Ck .cz 20.7 .21n 0 
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C6-2 

Fresh Regenerant Volume Balance 

PH units 

TDS(z ions) mgl L 

Conductivity @ 25 OC uS/cm 

Silica mg/L 

Calcium mg/C 

Magnesium mg/L 

Sodium mg/L 

Potassium mgl C 

Strontium mg/L 

Bicarbonate mgl L 

Carbonate m9/ L 

Hydroxide mgl L 

Sulfate mgl L 

Chloride mg/L 

l-alkalinity as CaCOa mg/L 

P-alkalinity as CaCOa mg/L 

Estimated 
fresh fresh Estimated 

regenerant regenerant Service ED feed 
Run 3.04.00 volume (V3) TDS volume (V,) TDS 

Cycle no. Date L m/L L w/L 1 Va/(l-R)Vs 

: 3/4/79 3/4/ 79 500 500 34 34 920 920 6290 5940 3690 3620 91 91 0.87 0.95 
3 314179 500 34 920 5420 3620 1.01 

it 3/10/79 3/11/79 500 500 34 34 700 700 6460 5990 3560 3560 ii 91 0.86 

:: 3/11/79 3/11/79 500 500 34 34 700 700 5810 5580 3560 3560 91 91 EE 1.00 

i: 3/11/79 3112179 500 522 34 34 700 580 5730 5470 3560 3500 91 91 0.97 1.07 

Influent and Effluent Compositions during Cycle 3.04.23 

Regen 1 Regen 1 
influent effluent 

21 851 21 254 

4.2 10.2 

2040 1620 

955 809 

4150 4710 

38 38 

35 70 

93 98 

ND ND 

ND ND 

5040 4860 

9500 9040 

76 80 

ND ND 

Regen 3 
Influent Effluent ~ _ 

Rinse 8 
semi ce 
influent 

6.2 

33 487 

44 970 

8.4 

144 

373 

11 400 

96 

1.9 

31.7 

ND 

ND 

9120 

12 320 

26.0 

ND 

30 217 

12.0 

1670 

721 

8160 

57 

31 

98 

ND 

ND 

7540 

11 940 

80 

ND 

7.1 

3289 

5372 

4.7 

182 

56.3 

903 

9.8 

2.8 

23.4 

ND 

ND 

924 

1188 

19.2 

ND 

Rinse Service 
effluent effluent 

6.5 7.3 

24 508 3447 

33 502 5576 

9.0 4.8 

243 20.7 

246 41.6 

8220 1142 

69 13.2 

8.0 0.8 

31.7 24.4 

ND ND 

NO ND 

6770 1004 

8920 1200 

26.0 20.0 

ND ND 
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a-3 

MODE 
PPOCESS 
STREAM 

HEGEN 1 EFFLUENT 
REGEN 1 INFLUENT 
WEGEN 1 EFFLUENT 
HEbEN 3 EFFLUENT 
HEGEN 3 I ‘vFLUk’!JT 
RFGEN 3 EFFLUENT 
REGEN 3 EFFL~IEN T 
HEGEN 3 EFFLUENT 
HEGEN 3 EFFLUENT 
RIr“SE tFFLUEpJT 
HINSE EFFLIJE~)T 
SEHVIC~ 
SW/ICE 

EFFLUENT 
I FIFLIJENT 

SEHVICE EFFLIJENT 
SEHVICF IFIFLUE;\IT 
SEFIV ICE EFFLllENT 
SERV ICF EFFLUENT 
SEiiVICE INFLUENT 
SERVICE EFFLUENT 

CA 
k(j 
TH 
IQ A 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

CYCLE 3.04.23 

THROUbHPUT CA 
f3V MtiQ/L 

o.uo 24.44 

.74 101.H3 
1.23 lU9.78 
2.47 ltJ%.3U 
3.14 7.13 
3.&b lU4.79 
5.20 cj7.82 
6.55 b7.37 
7.84 Sb.HY 
0.vf.J IB.Ub 

.77 5.59 
1.54 .?3 
4.3c! 9.13 

22.5s .lh 
33.36 Y.33 
43.55 .SL 
54.us 1.71 
57.76 Y.23 
57.76 2.3Y 

MG 
MEU/L 

21.05 Sl.OY 
7a.b1r lbG.4(1 
90.24, 200.07 
Yb.Sa l@b.bk 
30.7u 57.H4 
79.59 184.3b 
54.44 142.31 
3b.30 lU3.66 
41.40 3b.24 
31.52 50.4ti 

7.00 li.5t, 
.3s .su 

4.bc 13.O(l 
.31 . 4 f! 

4.67 14.kl 
*.u5 3.b2 
6,Oc) 7.hh 
4.63 13.87 
b.h3 9.01 

TH 
PcEQ/L 

b’A 
C&EC/L 

76.55 
lWO.cil 
.?3?.3h 
297.5i 
49c;.;t7 
Ah7.12 
350.6lJ 
414.75 
34c.72 
491.95 
230.54 

56.5Y 
Sd.@4 
52.41 
3k.Y.3 
4e.72 
4G.HU 
3q.5q 
45.40 

Service Performance Summary 

CYCLE 3.04.23 

9.25 .55 
4.64 2.04 

13.PY 2.5,3 
39.12 50.91 

94 .4H9 
56 .146 
61 l 63S 
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C6-4 

0040 
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I 

- 
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c7-1 

Ion-Exchange - Run 3.05.00 

MODE 

REGEN 1 

REGEN 2 

REGEN 3 

DRAlN 1 

RINSE 

SERVICE 

DRAIN 2 

Date: 3/17/79 

Cycle: 3.05.15 

Conditions: Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Control variables: Fresh regeneration cont. (mg/L TDS) 
Target Actual 

Fresh regeneration flow rate (L/min) 
35 000 32 840 

Recycled regenerant flow rate (L/min) 
5.5 

Recycled regenerant volume (L) 
16.0 

Service termination point (meq/L Ca++) ;"i 
800 
2.8 

Standard resin bed: Height = 1066 mm 
Volume = 97.3 L 

Chemical Compositions of Tank Waters Prior to Cycle 3.05.15 

PH 
Tank units 

Recycle regenerant (T-5) 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 7.3 

Lime-softening feed (T-10) 7.5 

Fresh ED brine (T-28) 5.5 

IX product/ED feed (T-33) 7.0 

Conductivity Ca++ 
uSlcm a 

38 936 53.0 

38 832 53.0 

5 493 8.00 

5 503 8.00 

44 036 6.80 

5 703 0.80 

INPUT 

RE REGEN 

RE REGEN 

FR REGEN 

(VENT) 

FEED 

FEED 

(VENT) 

Cycle 3.05.15 Operating Conditions 

OUTPUT 
DURATION THROUGHPUT VOLUME 

MIN L BV 
AVG FLOW RATE 
L/MIN BVIMIN 

WASTE 10 240 2.47 24.0 .247 

SP REGEN 51 800 8.22 15.6 .161 

SP REGEN 87 479 4.92 5.5 .057 

WASTE 3 62 .64 20.7 .210 

WASTE 10 160 1.64 16.0 .164 

PRODUCT 204 6130 63.0 30.0 .309 

WASTE 2 41 .42 20.7 .210 

129 

Mg++ TH 
meq/l. mes/L 

71.0 124.0 

67.0 120.0 

6.40 14.4 

6.00 14.0 

26.0 32.8 

2.80 3.60 

BED 
EXPANSION TEMPERATURE 

5, C 

54 18.2 

34 

6.9 19.0 

0 

0 

0 

0 



C7-2 

Fresh Regenerant Volume Balance 

P" 

TDS 

Conductivity @ 25 OC 

Silica 

Calcium 

Magnesium 

Sodium 

Potassium 

Strontium 

Bicarbonate 

Carbonate 

Hydroxide 

Sulfate 

Chloride 

l-alkalinity as CaCOs 

P-alkalinity as CaCOs 

Run 3.05.00 
Cycle no. Data 2 

: 
3/12/79 
3/12/79 

: 3/12;79 
3/14/79 

6 3/14/79 

; 3/14/79 3/l 5/79 
9 3/15/79 

10 3;15;79 

:: 
3/16/79 
3/16/79 

13 3/16/79 
14 3117179 480 
15 3/17/79 479 

Fresh 
regenerant 
volume (Vs) 

L 

533 
520 
528 
517 
517 
520 
519 
508 
520 
519 
480 
480 

Estimated 
fresh 

regenerant 
TDS 
mg/L 

34 480 
34 580 
34 580 
34 210 
34 210 
34 210 
34 400 
34 400 
34 400 
34 200 
34 200 
34 200 
33 800 
33 800 

Service 
Volume (Vs) 

6040 
6470 
1310 
6540 
6280 
6700 
6450 
6830 
6790 
5610 
6170 
6000 
6050 
6130 

Estimated 
ED feed 

TDS 
w/L r: - 

3500 
3500 ;; 
3500 
3510 ;1 
3510 91 
3510 91 
3420 
3420 9'1' 
3420 91 
3750 90 
3750 
3750 2 
3540 91 
3540 91 

Influent and Effluent Compositions during Cycle 3.05.15 

units 

mg/L 

US/cm 

mg/ L 

mg/L 

mg/L 

0x31 L 

mg/L 

0-31 L 

mg/ L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

Regen 1,2 Regen 1 
influent effluent -- 

28 115 19 719 28 616 

8.4 8.2 7.6 

1010 1400 14 10 

835 782 923 

8120 4580 7520 

57 38 57 

30 31 34 

83.0 87.8 73.2 

ND ND NO 

ND ND ND 

5740 4240 5740 

1.2 240 8560 12 200 

68 72 60 

ND ND ND 

Regen 2 
effluent 

130 

Reyen 3 
Influent Effluent -- 

5.6 

32 835 

43 830 

6.2 

134 

328 

11 300 

122 

2.4 

la.5 

ND 

NO 

8920 

12 010 

15.2 

ND 

31 274 

6.6 

1230 

666 

9360 

63 

32 

83.0 

NO 

ND 

7740 

12 100 

68 

ND 

V3/(1-")'I> 

0.99 
0.90 
4.29 
0.89 
0.92 
0.87 
0.93 
0.86 
0.88 
0.95 
0.80 
0.82 
0.86 
0.85 

Rinse 
service 

influent 

7.3 

3303 

5284 

8.6 

157 

69.5 

956 

9.3 

3.2 

24.4 

NO 

ND 

894 

1190 

20.0 

NO 

Rinse 
effluent -___ 

6.2 

27 351 

37 034 

6.5 

288 

261 

9510 

94 

6.9 

21.0 

ND 

ND 

7070 

10 100 

17.2 

ND 

Service 
effluent 

7.3 

3435 

5588 

a.7 

19.4 

43.8 

1182 

13.6 

1.1 

23.4 

ND 

ND 

954 

1198 

19.2 

NO 



c7-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

CYCLE 3.05.15 

Mode 
Process 
Stream 

Throughput 
BV 

Ca 
W/L 

Mg 
MWL 

Th 
Meq/L 

Na 
Meq/L 

Regen 1 Effluent 0.00 27.45 19.67 47.12 75.34 
Regen 1 Effluent 1.21 91.32 81.89 173.21 226.19 
Regen 2 Effluent 2.42 93.81 85.76 179.57 286.65 
Regen 2 Influent 4.67 ‘50.40 68.72 119.12 353.20 
Regen 2 Effluent 6.91 65.87 71.77 137.64 335.36 
Regen 3 Effluent 10.60 58.38 68.23 126.61 347.98 
Regen 3 Influent 10.77 6.69 27.00 33.68 491.52 
Regen 3 Effluent 11.28 68.86 77.37 146.23 381.47 
Regen 3 Effluent 12.52 65.87 50.45 116.32 427.58 
Regen 3 Effluent 13.77 57.88 36.63 94.51 442.37 
Regen 3 Effluent 15.52 57.88 43.05 100.93 432.36 
Rinse Effluent 0.00 17.47 28.81 46.27 487.60 
Rinse Effluent .82 11.28 14.16 25.43 343.19 
Service Effluent 1.64 .29 .41 .71 60.03 
Service Influent 4.42 7.96 5.84 13.82 41.45 
Service Effluent 19.87 .22 .31 .54 54.15 
Service Effluent 29.13 7.88 5.72 13.60 41.32 
Service Effluent 38.09 .34 1.82 2.16 52.37 
Service Effluent 47.04 .77 4.63 5.39 48.98 
Service Effluent 56.31 1.60 6.78 8.38 46.41 
Service Influent 64.65 7.98 5.80 13.79 40.89 
Service Effluent 64.65 2.84 7.56 10.40 44.58 

Service Performance Summary 

CYCLE 3.05.15 

Average Concentrations, Meq/L Removal Resin Capacity 
Influent Effluent Difference % h/L 

Ca 7.95 .70 7.25 91 
Mg 5.79 2.66 3.13 54 
Th 13.74 3.36 10.37 76 
Na 41.22 52.16 -10.93 

.457 

.197 

.654 
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FIGURE A- a 
MFlJOR CflT!ON CONCENTRFITIONS 
OF IX REGENERR'TION EFFLUENT 
CYCLE 3.05.35 

0 Calcium Avg. influent 
0 Magnesium concentrations, meq/L 

A Total hardness Ca+t 
Reg 1,2 Reg 3 ___- - 

50.4 6.7 
0 Sodium Mg++ 68.7 27.0 

TH 119 33.7 
Nat 353 492 

Reg 1 k Reg 2 + Reg 3 
I-117 

FIGURE A- b 

MFIJOR CFlTION CONCENTRFITIONS OF 
IX RINSE RN0 SERVICE EFFLUENTS 
rYCLE 3.05.15 

0 Calcium Avg. influent 
concentrations, meq/L 

Cat+ 7.95 
Mg++ 5.79 
TH 13.7 
Nat 41.2 < 

-- co’ l? 3i 5i 
I 

68 o 
BED VOLUMES 

SODIUM (NAI, CALCIUM (CRI, RN0 MFIGNESIUM [MG'I CONCENTRRTIBNS RRE MERSUREO BY ATOMIC ABSORPTIGN. 
IOTAL HfJRDNESS (T!il IS CALCULRTED BY SUMMING TkIE CRLCILJM RND MFiGNESIUM CONCENTRATIONS. 



MODE INPUT OUTPUT 

REGEN 1 RE REGEN WASTE 

REGEN 2 RE REGEN SP REGEN 

REGEN 3 FR REGEN SP REGEN 

DRAIN 1 (VENT) WASTE 

RINSE FEED WASTE 

SERVICE FEED PRODUCT 

DRAIN 2 (VENT) WASTE 

C8-1 

Ion-Exchange - Run 3.06.13 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

3/21/79 

3.06.13 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS) 
i;r;;; Actual 

33 250 
Fresh regeneration flow rate (L/min) 

:i50 
5.5 

Recycled regenerant flow rate (L/min) 23.3 
Recycled regenerant volume (L) 1660 1600 
Service termination point (meq/L Ca++) 3.0 3.4 

Height = 1066 mm 
Volume = 97.3 L 

Chemical Compositions of Tank Waters Prior to Cycle 3.06.13 

Tank 
PH Conductivity 

..Ca++ 

units us/cm meq/L 

Recycle regenerant (T-5) 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 

Lime softened feed (T-10) 

Fresh ED brine (T-28) 

IX product/ED feed (T-33) 

- 

7.2 

7.2 

4.1 

6.8 

Cycle 3.06.13 Operatlng Conditions 

DURATION THROUGHPUT VOLUME 
MIN L BV 

10 240 2.47 

68 1600 16.4 

109 601 6.18 

3 62 .64 

10 160 1.64 

246 7310 75.1 

2 41 .42 

133 

37 322 50.0 

38 878 53.0 

5 357 8.40 

5 399 9.20 

44 362 8.40 

5 608 0.72 

AVG FLOW RATE 
L/MIN BV/MIN 

24.0 .247 

23.7 .242 

5.52 .057 

20.7 .210 

16.0 .164 

29.7 .305 

20.7 .210 

Mg++ TH 
s meq/L 

58.0 108.0 

69.0 122.0 

5.60 14.0 

4.80 14.0 

28.0 36.4 

2.28 3.00 

BED 
EXPANSION 

% 

57 

59 

8.: 

0 

0 

0 

0 

TEMPERATURE 
C 

18.2 

18.8 



C8-2 

Fresh Regenerant Volume Balance 

Run 3.06.00 
Cycle no. 

: 
3 

PH 

TDS (x ions) 

Conductivity @ 25 OC 

Silica 

Calcium 

Magnesium 

Sodium 

Potassium 

Strontium 

Bicarbonate 

Carbonate 

Hydroxide 

Sulfate 

Chloride 

l-alkalinity as CaCOa 

P-alkalinity as CaCOa 

Fresh 
regenerant 
volume (Va) 

Date L 

Estimated 
fresh 

regenerant 
TDS 
v/L 

Service 
volume (V,) 

L 

Estimated 
ED feed 

TDS 
w/L 

3717779 480 33 800 6280 3540 
3/17/79 480 33 800 6110 3540 
3fIaj79 480 33 a00 6290 3540 
3/18779 600 33 300 6950 3520 
3/19/79 600 33 300 6830 3520 
3/20/79 600 33 850 7050 3500 
3/20/79 600 33 850 7410 3500 
3/21/79 600 32 950 6670 3480 
3/21/7g 601 32 950 7310 3480 

Influent and Effluent Compositions during Cycle 3.06.13 

units 

mg/L 

G/cm 

mg/ L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

m3/ L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

Regen 1.2 Regen 1 Regen 2 
influent effluent effluent 

28 264 20 485 28 482 

a.8 7.6 7.8 

1030 1590 1450 

849 785 919 

8110 4790 7680 

51 32 47 

26 27 28 

97.6 61.0 78.1 

ND ND NO 

ND ND ND 

5700 4200 5960 

12 400 9000 12 320 

80.0 50.0 64.0 

ND ND ND 

R 
x 

91 

ii 
91 

it 
91 
91 
91 

V,/(l-R)V% 

0.83 
0.85 
0.83 
0.93 
0.94 
0.93 
0.89 
0.98 
0.89 

Regen 3 
Influent Effluent ~~ 

4.1 

33 251 

44 299 

7.3 

170 

377 

11 800 

107 

2.7 

3.9 

ND 

ND 

8590 

12 200 

3.2 

NO 

31 777 

7.2 

1230 

652 

9540 

55 

27 

73.2 

ND 

NO 

7700 

12 500 

60.0 

NO 

Rinse 
service 

influent 
Rinse Service 

effluent effluent ~- 

7.1 4.2 6.9 

3272 27 782 3394 

5358 37 986 5626 

7.3 7.1 7.5 

172 265 23.9 

72.0 279 53.0 

921 9790 1152 

a.5 a7 12.9 

2.6 6.2 0.5 

22.0 4.9 22.0 

ND NO ND 

ND ND ND 

860 6900 920 

1214 10 450 1210 

18.0 4.0 18.0 

ND ND ND 
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Mode 
Process Throughput Ca Mg Th Ma 
Stream BV Meq/L Meq/L Meq/L Meq/L 

Regen 1 
Regen 1 
Regen 2 
Regen 2 
Regen 2 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Regen 3 
Rinse 
Rinse 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 
Service 

Effluent 0.00 38.42 26.50 64.93 105.26 
Effluent 1.26 95.81 80.25 176.06 227.49 
Effluent 2.53 94.31 83.05 177.36 302.31 
Influent 5.92 51.40 69.88 121.27 352.76 
Effluent 10.29 60.38 71.11 131.49 348.41 
Effluent 19.02 53.89 69.88 123.77 350.59 
Influent 19.76 8.48 31.03 39.51 513.27 
Effluent 20.55 69.36 72.10 141.46 401.04 
Effluent 22.09 63.87 46.67 110.54 434.54 
Effluent 23.62 55.89 35.31 91.20 466.72 
Effluent 25.21 53.39 40.41 93.80 429.75 
Effluent 0.00 16.17 30.78 46.95 501.96 
Effluent .82 9.83 13.33 23.16 349.72 
Effluent 1.64 .23 .37 .60 58.55 
Influent 4.39 8.28 5.86 14.14 41.06 
Effluent 23.33 .16 2.86 3.02 52.59 
Effluent 34.32 8.33 5.88 14.21 40.15 
Effluent 45.01 .37 2.67 3.04 50.59 
Effluent 56.01 .96 5.96 6.92 46.85 
Effluent 66.69 2.07 7.70 9.76 43.28 
Influent 74.64 8.58 5.89 14.48 39.89 
Effluent 76.77 3.44 a.21 11.65 42.32 

Service Performance Summary 

CYCLE 3.06.13 

Average Concentrations, Meq/L Removal Rosin Capacity 
Influent Effluent Difference % h/L 

Ca 8.40 .a2 7.58 90 
Mg 5.88 3.93 1.94 33 
Th 14.28 4.75 9.53 67 
Na 40.37 50.21 -9.84 

C8-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorntion 

CYCLE 3.06.13 

.570 
146 

:716 
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FIGURE A- a 
MFIJOR CRT I ON CONCENTRRT IONS 
OF IX REGENERRTlON EFFLUENT 
CYCLE 3.06. I3 

0 Calcium Avg. influent 

0 Magnesium concentrations, meq/L 

A Total hardness T.a++ Reg 3 Rq,li2 
8.48 

0 Sodium ii+ 69.9 31.0 
TH 121 39.5 
Ha+ 353 513 

FIGURE A- b 

MFIJOR CFlTION CONCENTRfiTIONS OF 
IX RINSE FIND SERVICE EFFLUENTS 
CYCL E 3.06. 13 

0 Calcium 
0 Magnesium 

A Total hardness 

20 Sodium 

Ava. influent 
concenirations, meq/L 

Cat+ 8.40 
Mg++ 5.88 
TH 14.3 
Nat 40.4 

< 

SODIUM INAI, CRLCIUM ICAI, RN0 MRGNESIUM (MGI CGNCENTRATIGNS ARE MEASURED BY RTOMIC ABSORPTION. 
IOTRL HARDNESS (THj IS CALCULATED BY SUMMING THE CRLCIUM RND MRGNESllJM CONCENlRATIBNS. 



c9-1 

Ion-Exchange - Run 3.07.00 

Mode 

Regen 1 

Regen 3 

Drain L 

Rinse 

Service 

Drain 2 

Input 

Re Regen 

FR Regen 

(Vent) 

Feed 

Feed 

(Vent) 

Date: 3/22/?9 

Cycle: 3.07.04 

Conditions: .Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Control variables: Fresh regeneration cont. (mg/L TDS) 
Fresh regeneration flow rate (L/min) 5.5 5.4 
Recycled regenerant flow rate (L/min) None None 
Recycled regenerant volume (L) None None 
Service termination point (meq/L Cat+) 3.0 3.1 

Standard resin bed: Height = 1066 mm 
Volume = 97.3 L 

Chemical Compositions of Tank Waters Prior to Cycle 3.07.04 

PH 
Tank units 

Recycle regenerant (T-5) - 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 7.2 

Lime-softened feed (T-10) 7.3 

Fresh ED brine (T-28) 4.2 

IX product/ED feed (T-33) 6.8 

Conductivity 
uS/cm 

38 550 

38 170 

5 408 

5 449 

43 847 

5 676 

output 
Duration Throughput Volume Avg. Flow Rate 

Min L BV L/Min BV/Min 

Waste 10 240 2.47 24.0 .247 

SP Regen 93 502 5.16 5.42 .056 

Waste 3 62 .64 20.7 .210 

Waste 10 150 1.54 15.0 .154 

Product 189 5700 58.58 30.2 .310 

Waste 2 41 .42 20.7 ,210 

Cycle 3.07.04 Operating Conditions 

Ca++ Mg++ TH 
meq/L mcq/L meq/L 

51.0 71.0 122.0 

92.0 108.0 200.0 

8.40 6.00 14.4 

8.40 5.80 14.2 

8.00 28.0 36.0 

0.88 3.02 3.90 

137 

Bed 
Expansion Temperature 

% C 

55 17.5 

6.9 18.9 



c9-2 

Fresh Regenerant Volume Balance 

Estimated 
Fresh fresh Estimated 

regenerant 
Run 3.07.00 

regenerant Service 

Cycle no. Dat- 
volume (Va) 

ED feed 
TDS 

---..z L 
TDS R 

w/L 
Volume (V,) 

L mq/L x - Va/(l-R)'!, 

: 
3/a/79 500 32 950 5740 
3/21/79 503 32 950 

3480 91 
5660 

0.95 

4" 
3/22/79 

3480 
501 33 770 5450 

0.37 

3/22/79 502 33 770 
3520 9'1' 

5700 
1.01 

3520 91 0.97 

Influent and Effluent Compositions during Cycle 3.07.04 

PR units 

TDS (L ions) ma/L 

Conductivity P 25 OC US/ClTl 

Silica mg/ L 

Calcium q/L 

Magnesium WI L 

Sodium mg/ L 

Potassium nq c 

Strontium nlg/ L 

Bicarbonate WI L 

Carbonate qJ L 

Hydroxide mg/ L 

Sulfate rr.g/ L 

Chloride v/ L 

T-alkalinity as CaCOs mg/L 

P-alkalinity as CaCD) mg/L 

Regen 1 
influent 

28 469 

Regen 1 
effluent -- 

20 745 

a.2 10.4 

1130 1530 

a70 849 

8120 4590 

50 36 

28 27 

10.7 73.2 

ND ND 

ND ND 

5900 4680 

12 360 8960 

a.8 60.0 

NU ND 

Regen 3 
Influent Effluent ~ I__ 

Rinse & 
semi ce 
influent 

4.2 

32 906 

43 869 

6.6 

171 

385 

11 570 

119 

3.3 

7.3 

NO 

ND 

a600 

12 050 

6.0 

ND 

138 

29 646 

a.2 

1750 

781 

8170 

54 

33 

97.6 

ND 

ND 

6700 

11 300 

80.0 

ND 

197 

74.2 

940 

Rinse Service 
effluent effluent 

4.5 7.3 

28 235 3492 

37 586 5715 

7.3 7.8 

356 27.3 

333 54.3 

9790 1167 

ai 13.9 

7.6 0.6 

7.3 24.4 

NO ND 

ND ND 

7510 950 

10 050 1254 

6.0 20.0 

ND NO 



c9-3 

Mode 
Process 
Stream 

Throughput 
BV 

Ca 
Meq/L 

Mg 
MWL 

Th 
Meq/L 

Na 
Meq/L 

Regen 1 Effluent 0.00 36.93 28.89 65.82 103.09 
Regen 1 Influent .73 56.39 71.60 127.99 353.20 
Regen 1 Effluent 1.22 98.80 88.97 187.77 235.75 
Regen 3 Effluent 2.44 102.30 89.88 192.17 280.12 
Regen 3 Influent 3.16 a.53 31.69 40.22 503.26 
Regen 3 Effluent 3.83 117.76 92.67 210.44 338.84 
Regen 3 Effluent 5.22 92.81 55.31 148.12 411.92 
Regen 3 Effluent 6.61 73.85 38.77 112.62 434.10 
Regen 3 Effluent 7.62 65.87 45.68 111.55 365.38 
Rinse Effluent 0.00 19.61 33.00 52.61 491.95 
Rinse Effluent .77 16.92 21.73 38.64 378.86 
Service Effluent 1.54 .32 .44 .76 60.37 
Service Influent 4.33 9.08 6.12 15.21 41.24 
Service Effluent 22.62 .27 .44 .71 55.72 
Service Effluent 34.40 .91 5.07 5.98 49.67 
Service Effluent 54.23 2.17 7.62 9.79 45.50 
Service Influent 60.12 8.63 6.08 14.72 40.58 
Service Effluent 60.12 3.14 8.11 11.25 43.80 

Service Performance Summary 

CYCLE 3.07.04 

Ca 
Mg 
Th 
Na 

Average Concentrations Meq/L 
Infl uent Effluent Difference 

8.86 1.02 7.84 
6.10 3.65 2.45 

14.96 4.67 10.29 
40.91 52.08 -11.17 

Removal 
% 

88 
40 
69 

Resin Capacity 
Q/L 

.459 

.144 

.603 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

CYCLE 3.07.04 
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FIGURE A- a FIGURE A- b 
MAJOR CRTION CONCENTRFITJONS MFlJOR CFlTION CONCENTRRTIONS OF 
OF IX REGENERRT I ON EFFLUENT IX RINSE RND SERVICE EFFLUENTS 
CYCLE 3.0’7. t?+ CYCLE 3.07.0-i 

0 Calcium 

0 Magnesium 
A Total 

hardness 
0 Sodium 

Avg. influent 492 0 
concentrations, meq/L 

Calcium Avq. influent 

Reg 1,2 Req 3 
0 379 0 Magnesium concentrations, mea/L 

Ca++ 
__-. 52 38 6A Total hardness Ca++ --- 

8.86 
56.4 8.53 

Mg++ 71.6 
33-O 

31.7 ,g.6 . 

r 

021:7 0 Sodium Mg++ 6.10 
TH 128 40.2 016.9 TH 15.0 
Nat 353 503 Nat 40.9 4 

c-v 

"(1 
I I I I I 

2 
BED YOLUMES 

G 8 oo-p 
16 

BED %LUMES 
‘48 

SODIIJH INA), CF!LCJUM ICRI, FlND MAGNESIUM IMGI CCINCEN’TRRl.TONS RRE MEflSURED BY fj70MIC Rf3SORPTION. 
'[OTfi/- HARDNESS (THI IS CALCULFITED BY SUMMING THE C.SLC.TUM RND MAGNESlLJM CONCENTRATIONS. 



BW 

DRAIN 1 

ifFGF.hc 

WAlN 1 

C(INSE 

SEdvICE 

DHA1i-i 2 

ClO-1 

Ion-Exchange - Run 3.07.048 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

Chemical Compositions of Tank Waters Prior to Cycle 3.07.04B 

PH Conductivity Cat+ Mg++ TH 
Tank units US/cm meq/L mea/L mea/L 

Lime-softened feed (T-9) 7.3 5 577 9.00 5.40 14.4 

Lime-softened feed (T-10) 7.4 5 610 8.80 5.60 14.4 

Fresh ED brine (T-28) 4.6 44 '226 7.60 27.2 34.8 

IX product/ED feed (T-33) 7.2 5 782 0.88 3.32 4.20 

3/23/79 

3.07.046 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerant - Fresh ED brine 
Backwash - Feedwater 

Fresh regeneration cont. (mg/L TDS) 
Actual :Tr;;; 
34 ,330 

Fresh regeneration flow rate (L/min) 5.5 5.5 
Recycled regenerant flow rate (L/min) None None 
Recycled regenerant volume (L) None None 
Service termination point (meq/L Cat+) 3.0 3.7 

Height = 1066 mm 
Volume = 97.3 L 

Cycle 3.07.04B Operating Conditions 

DWAT IUN THkUUbti~UT VOLUME 
14 IN L tiV 

AV6 FLOk RATE tXPANSIDN TEMPtH&rUHt 

L/MIh ~(V/MIN Y C 

10 240 2.47 24.0 .247 

3 bZ .b:, 20.7 .210 

91 501 5.15 5.49 .056 

3 62 .64 2u.7 .210 

10 110 1.75 17.u .I75 

lb0 54*u 55.9 30.2 .311 

2 41 .4d LO.7 ,210 

44 23.u 

0 

4.5 21.5 

0 

0 

0 

0 
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ClO-2 

Fresh Regenerant Volume Balance 

Estimated 
Fresh fresh Estimated 

regenerant regenerant Service ED feed 
Run 3.07.008 volume (VJ) TDS TDS 

Cycle no. Date L 
volume (Vs) 

mg/L L w/L 1 V3/(1-R)Vs 

1 3122179 499 33 770 5490 3520 
2 

1.00 
3/23/79 499 34 150 5360 3580 z1 1.01 
3/23/79 495 34 150 5310 3580 1.01 
3/23/79 501 34 150 5440 3580 1.00 

Influent and Effluent Compositions during Cycle 3.07.04B 

PH 

TDS (z ions) 

Conductivity @ 25 OC 

Silica 

Calcium 

Magnesium 

Sodium 

Potassium 

Strontium 

Bicarbonate 

Carbonate 

Hydroxide 

Sulfate 

Chloride 

T-alkalinity as CaCO3 

P-alkalinity as CaCOa 

units 

mg/L 

US/cm 

m9lL 

mg/L 

m9/ L 

mg/L 

mg/L 

mgf L 

mg/L 

mg/L 

mg/L 

mg/L 

mgl L 

mg/L 

m9lL 

Backwash 
effluent 

3764 

6.8 

177 

82.2 

1018 

9 

5.0 

73.2 

ND 

ND 

900 

1500 

60.0 

ND 

Heceneration 
Influent Effluent - ~ 

4.7 

34 329 

44 886 

7.2 

172 

378 

12 140 

121 

2.9 

14.6 

ND 

NO 

8500 

13 000 

12.0 

ND 

27 338 

6.8 

1880 

641 

7240 

47 

32 

97.6 

ND 

ND 

6900 

10 500 

80.0 

ND 

Backwash, 
rinse, P 
service 
influent 

7.3 

3378 

5347 

6.1 

190 

68.0 

950 

8.9 

2.9 

24.4 

ND 

ND 

904 

1230 

20.0 

NO 

Rinse Service 
effluent effluent 

5.2 7.4 

28 588 3464 

38 881 5525 

7.2 6.3 

344 28.4 

328 54.1 

10 000 1182 

96 14.6 

6.5 0.8 

13.2 24.4 

ND ND 

ND ND 

6950 924 

10 850 1236 

10.8 20.0 

ND ND 
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ClO-3 

MODE 

BW 
BW 
H E G t: N 
QEGEFI 
HEc,Eb! 
FiEr,m 
HEGEhJ 
REGEN 
i?IPJSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SEPVICE 
SERVICE. 
SERVICE 
SERVICE 

CA 
PG 
TH 
h A 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

CYCLE 3.07.04B 

PROCESS THROUGHPUT CA 1-I G TH NA 
STREPM tiV Fit: Q/L MEU/L ME.U/L b!EQ/L 

EFFLUENT 0.00 
EFFLuEdT 1.23 
if FLitf5\1T 2.47 
IrlFLUENT 3.20 
EFFLu~:NT 3.Y3 
EFFLUEY T 5.29 
EFFLtJE’JT 6.~4 
EFFLUENT 7.60 
EFFLuE”JT 0.00 
EFFLUENT .b7 

10.23 7.03 17.26 46.63 
6.53 6.36 14.90 44.32 
b.08 6.04 14.12 43.15 
6.56 31.11 39.69 528.06 

172.65 114.4r 2b7.14 295.35 
lc1.7b 56.45 176.71 380.43 

30.32 38.44 128.76 440.19 
7b.b5 3t?.d5 115.69 421.44 
lY.86 34.40 54.26 519.79 
15.02 19.42 34.44 370.60 

EFFLUENT 1.75 
I”JFLOE”JT 4.85 
EFFLUEIJT 20.3b 
I!JF~LIENT 29.70 
EFFLUENT 39.02 
EFFLUEFJT 49.27 
I bJFLUEruT 57.66 
EFFLtIENT 57.66 

.31 
4.6d 

.23 
Y.66 

53 
1:53 
Y.SY 
3.74 

42 
5:70 

.35 
5.bU 

2rY3 

6.30 
5.60 
7.64 

.73 59.55 
15.38 42.28 

.bU 54.41 
15.2b 41.32 

3.46 52.02 
7.b4 49.15 

15.lY 42.28 
11.43 45.47 

Service Performance Summary 

CYCLE 3.07.04B 

AVEKki;t: CONCENTRATIONS, MEtilL kt.MOVAL HtSIN CAPACITY 
I ‘1 F 1. U E I\( T EFFLUENT ~IFFEHEIJC~ Y; LO/L 

9.65 .dl d.b4 
5.64 2.57 3.06 

lS.iib 3.36 11.90 
41.96 53.12 -11.16 

92 . 4Y4 
s4 .171 
7d .6b5 
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FIGURE A- a FIGURE A- b 

MRJOR CRTION CONCENTRRT!ONS MF\JOR CRTION CONCENTRRTIONS OF 
OF IX REGENERDTION EFFLUENT IX RINSE QND SERVICE EFFLUENTS 
CYCLE 3.0’7. O’lB CYCLE 3.0’7. OYB 

0 Calcium 

0 Nagnesium 

Avg. influent 
concentrations, meq/L 

520 

Ea 
A Total hardness Cat+ 9.58 
0 Sodium 112g++ 31.1 

TH 39.7 
=: 

- 1 
Na+ 528 

0 

BED VOLUMES 

0 Calcium Avg. influent 
> 371 

0 
Maqnesium concentrations, meoIL 

134 4 A Total hardness 
Cat+ 9,65 
Fzq++ 5.64 

; ;",I; 0 Sodium TH Nat 42.0 15.3 

< 

------‘3b 15 ‘45 G 
BED VOLUMES 

SODIUM INA), CALCIUM ICAl, FiND MFIGNESIUM (MGI CONCENTRATIONS ARE MEASURED BY RTDMIC ABSORPTION. 
IoTflL HARDNESS ITHI IS CALCULflTED BY SU!-lMING THE CRLCILIM AND MAGNESIUM CONCENTRATIONS. 



Cll-1 

MODE 

REGEN I 

REGEN 2 

REGEII 3 

DHAIfl I 

RINSE 

SERVICE 

DRAIN 2 

I IrP UT 

RE REGEN 

t?E REGEt( 

FR RECE”I 

(YENi) 

FEED 

FEED 

(VENI‘) 

Ion-Exchange - Run 3.08.00 

Date: 5/2/79 

Cycle: 3.08.77 

Conditions: Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Control Variables: 
Target Actual 

Fresh regeneration cont. (mg/L TDS) 50 000 51 340 
Fresh regeneration flow rate (L/min) 3.0 3.2 
Recycled regenerant flow rate (L/min) 16.0 16.2 
Recycled regenerant volume (L) 800 800 
Service termination point (meq/L Ca++) I.5 '1.2 

Standard resin bed: Height = 1081 mn 
Volume = 98.7 

Chemical Compositions of Tank Waters Prior to Cycle 3.08.77 

PH 
Tank 

Conductivity -.Ca++ Mg++ TH 
units uS/cm meq/L meq/L meq/L 

Recycle regencrant (T-5) - 50 367 74.0 126.0 200.0 

Spent regenerant (~-6) 50 201 107.0 149.0 256.0 

Lime-softened feed (T-9) 7.3 5 218 8.40 5.60 14.0 

Lime-softened feed (T-10) 7.3 5 281 8.80 5.20 14.0 

Fresh ED brine (T-28) 4.1 62 040 6.40 37.6 44.0 

IX product/ED feed (T-33) 7.0 5 978 0.40 2.00 2.40 

Cycle 3.08.77 Operating Cond itions 

OUTPUT 
DU;F?;ION THROUGHPUT VOLUYE 

L BV 
AVG FLOW ,RATE 
L/U I N BV/ M I N 

WASTE IO 240 2.43 

SP REGEN 49 BOO a. I I 

SP REGEN 86 270 2.74 

LIASTE 3 62 .63 

WASSE IO 160 I. 62 

PRODUCT I5H 4710 47.7 

WASTE 2 41 .42 

24.0 .243 59. 20.5 

16.2 .I64 36. 

3.16 -032 6.8 22.0 

20.7 .209 0.0 

16.0 .I62 0.0 

29. B .302 0.0 

20.5 .2OR 0.0 

BED 
EXPA;SION TEMPERATURE 

C 
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Run 3.08.00 
Cycle no. 

32 
33 
34 

:65 

:; 
39 

:: 

:z 

:; 
58 
59 

66: 
62 
63 
64 
65 
66 
67 

6":: 

:: 
72 

:;: 
75 
76 
77 

Cll-2 

Fresh Regenerant Volume Balance 

Date 

Estimated 
Fre:h fresh 

regenerant regenerant 
volume (VJ) TOS 

L w/L 

418179 581 52 400 
418179 271 52 400 
418179 273 52 400 
4/g/79 271 52 600 
4/g/79 273 52 600 
4/13/79 273 52 290 
4/16/79 273 52 290 
4/l 7179 272 51 900 
4/20/79 1440 51 650 
4121179 272 51 650 
4121179 386 51 650 
4121179 271 51 650 
4/ 22l79 270 51 650 
4/23/79 271 51 450 
4/23/79 270 51 450 
4125179 273 51 420 
4/:5/79 272 51 420 
4/26/79 271 51 500 
4/26/79 271 51 500 
4127179 270 51 760 
4/28/ 79 270 51 760 
4128179 270 51 760 
4/28/79 270 51 760 
4/29/79 270 51 760 
4/L9/79 270 51 760 
4/29/79 270 51 760 
4/29/79 270 51 760 
4/30/79 269 50 850 
4130179 270 50 850 
4130179 270 50 850 
5/l/79 271 51 250 
5/I/79 270 51 250 
5/l/79 270 51 250 
5/2/79 273 52 050 

Estimated 
Service ED feed 

volume (V,) TDS 
L i mq/L _ V?/(l-R)YT 

9480 3340 
8280 3340 
7620 3340 
8130 3770 
7840 3770 
6380 3430 
7450 3430 
460 3450 

10 020 3440 
7780 3440 
7720 3440 
7520 3440 
7080 3440 
7010 3590 
7130 3590 
6410 3340 
5980 3340 
6010 3690 
6070 3690 
5790 3640 
5610 3640 
5770 3640 
5510 3640 
5730 3640 
5500 3640 
5330 3640 
5280 3640 
5350 3590 
5260 3590 
5220 3590 
5170 3560 
5180 3560 
5040 3560 
4710 3710 

94 
94 
94 
94 
94 

;“4 
94 
94 
94 
94 
94 
94 
94 
94 
94 
94 
94 

2 
94 
94 
94 
94 

z:: 
94 
94 

;i 
94 
94 
94 
34 

Influent and Effluent Compositions during Cycle 3.08. 

Regen 1.2 Regen 1 rlegen 2 
Influent effluent effluent -- 

35 822 25 846 35 575 

7.0 15.4 14.6 

1370 1850 1790 

1498 1289 1577 

9740 5890 9230 

68 43 64 

43 41.0 46.0 

83.0 73.0 88.0 

no NO NO 

NO “0 NO 

4500 3700 4400 

18 520 14 560 18 360 

68.0 1.0 1.2 

NO “0 NO 

1.12 
0.60 
0.65 
0.53 
0.68 
0.63 
0.64 

10.38 
2.48 
0.60 
0.86 
0.62 
0.66 
0.67 
0.62 
0.76 
0.81 
0.72 
0.71 
0.75 
0.78 
0.75 
0.79 
0.76 
0.79 
0.82 
0.83 
0.81 
0.83 
0.83 
0.86 
0.85 
0.88 
0.91 

.Qegen 3 
lnfluent Effluent ~- 

4.2 

51 338 40 469 

61 732 - 

4.5 9.4 

114 1600 

332 1450 

18 060 11 100 

149 74 

2.5 ’ 47.0 

NO 398.0 

NO NO 

NO NO 

15 cca 8460 

17 680 17 640 

NO a.0 

No NO 

nlnre 
service Ri”Se *crv,ce 

Influent effluent effluent -~~ 

7.2 4.5 1.0 

3329 41 603 4713 

5272 51 916 7064 

3.1 3.6 5.6 

166 477 26.5 

64.9 364 34.2 

939 14 140 1595 

6.9 111 14.4 

3.0 14.9 1.2 

19.5 15.6 19.5 

ND “0 ND 

“0 No I NO 

930 11 500 1824 

1198 I4 980 1198 

16.0 12.8 16.0 

No “D No 

146 



Cll-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MODE 

REGEI’J I 
REGEN 1 
REGEN 2 
REGEi\l 2 
REGEN 2 
REGEIJ 3 
REGEN 3 
REGh’ 3 
REGEIJ 3 
HEGEIJ 3 
RINSE 
RI tJSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SE!?\/ICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

EFFLUENT 
EFFLUENT 
EFFLUEN-I 
I NFLUENT 
EFFLUENT 
E FFLU EPJT 
I PJFLUENT 
EFFLUEkJT 
EFFLUEN’I 
E FFL U ENT 
EFFLUENT 
EFFLUENT 
EFFLUEN’I 
I NFLUWJT 
EFFLUEN-i 
I NFLUEIJT 
EFFLUENT 
EFFLUENI 
EFFLUEiJT 
EFFLUENl 

CYCLE 3.08.77 

THROUGHPUT CA 
BV MEW L 

0.00 39.92 
1.21 124.75 
2.41 lOY.78 
4.71 68.36 
6.51 81.84 

10.45 74.35 
IO. 74 5.69 
II.04 96.81 
11.70 R3.i33 
13.20 62.33 

0.00 2d.YO 
.81 22.75 

I .62 5.34 
4.34 

14.31 8*l? . 
24.27 8.13 
26.99 .lU 

2 . 22” : 45 i3t3 
49.34 I.19 

Service Performance Summary 

CYCLE 3.08.77 

M G TH NA 
MEWL MEWL MEWL 

32.35 
150.95 
143.95 
123.29 
127.03 
123.21 

27.33 
152.59 
I IY.Y2 

79.09 
30.45 
30.04 

3.00 
5.36 

.20 
5.32 

.40 

?E 
5: 68 

72.27 
275.70 
253.73 
191.66 
208.91 
197.56 

33.01 
249.40 
203. i5 
141.47 

55.35 

5$- !i . 

13135; 

13.45 
.53 

35-v: 
6:87 

109.61 
303.18 
363.64 
423.66 
414.09 
421.92 
785.56 

45% :: 
507: 61 
692.04 

T&;-y; . 

453’~~ 
39:15 
51.94 
48.76 
46.45 
45.54 

AVERAGE CO~JCENTRATI OEJS, MEWL REMOVAL RESIN CAPACITY 
I NFLUEN’l EFFLUENT 111 FFERENCE % EQ/ L 

CA 8. I6 I l 02 7.14 87 
M G 5.34 I .75 3.59 
‘l-H 13.50 2.77 10.73 
NA 39.60 64.43 -24.83 

.34l 

.I71 
.512 
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FIGURE A- a 
MRJOR CGTION CONCENTRRTIONS 
OF IX REGENERRTION EFFLUENT 
CYCLE 3-08.77 

fl Calcium Avg. influent 

0 llagnesium concentrations, meq/L -__- 

A Total hardness Ca++ 
Reg 1,2 Reg 3 

0 Sodium leg++ 
-68.4 -- 5.69 
123 27.3 

TH 192 33.0 
Na+ 424 786 

Reg 1 t Reg 2 

?81 

beg 3 -I 

u II 
BED VOLUMES 

16 

FIGURE A- b 

MFlJOR CFlTION CONCENTRRTIONS OF 
IX RINSE FIND SERVICE EFFLUENTS 
CYCLE 3.08.77 

25 

q Calcium Avg. influent 

351g 0 Magnesium 
concentrations, 

Ca++ 
mcq/L 

8.16 

$2.en Total hardness MCI++ 5.34 
~?o.~JO Sodium TH 13.5 
122.8 Nat 3916 

13 
BE0 %LUMES 

39 c . 

SODIUH INAl, CALCIUM ICRI, AND MRGNESIUM (MCI CBNCENTRATIGNS flRE MEASURED BY RTDMIC ABSORPTION. 
TOTAL HARDNESS [THI IS CALCULRTED BY SUMMING THE CALCIUM AND MFlGNESIUM CONCENTRBTIONS. 



ClZ-1 

Ion-ExchaFge - Run 3.09.00 

Date: 514179 

Cycle: 3.09.10 

Conditions: Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Control Variables: Fresh regeneration cont. (mg/L TDS) 
Actual Target 

Fresh regeneration flow rate (L/min) 50 000 51 960 

Recycled regenerant 
8.0 

flow rate (L/min) 16.0 8.0 16.5 
Recycled regenerant volume (L) 800 800 
Service termination point (meq/L Ca++) 1.5 '1.7 

Chemical Compositions of Tank Waters Prior to Cycle 3.09.10 

PH 
Tank units 

Recycle regencrant (T-5) - 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 7.3 

Lime softened feed (T-10) 7.3 

Fresh ED brine (T-28) 4.4 

IX product/ED feed (T-33) 7.1 

Conductivity 
US/cm 

49 935 

49 504 

5 180 

5 179 

62 327 

5 460 

-Ca++ 

meq/L 

78.0 

110.0 

9.20 

9.20 

6.80 

0.48 

Mg++ TH 
* meq/L 

116.0 194.0 

98.0 208.0 

6.40 15.6 

6.40 15.6 

39.2 46.0 

1.84 2.32 

Cycle 3.09.10 Operating Conditions 

MODE I tw ur 

RI3 
DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPANSION TEMPERATURE 

OUTPUT M I tl L BV L/MIIJ BV/MIN % C 

HEGEN I RE REGEII' WASTE IO 240 2.43 24.0 .243 50. 26.0 

IEGEN 2 RE R&GE!4 SP REGEN 49 000 8. II 16.5 .I67 32. 

RECEN 3 FR RECEll SP REGEN 34 272 2.75 8.02 .081 16. 27.0 

URAIN I (VEII1‘) HASTE 3 62 .63 20.7 .209 0.0 

HINSE FEED WASTE IO I 50 I. 52 15.0 .I52 0.0 

SERVICE FEED PRODUCT 171 5140 52.1 30.1 ,305 0.0 

DRAIN 2 (VENT) WASTE 2 41 . 42 20.5 ,208 0.0 
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c12-2 

Fresh Regenerant Volume Balance 

Run 3.09.00 
Cycle no. 

5 
6 
7 
8 

P" units 

To5 (z ions) mg/L 

Conductivity 0 25 OC uS/cm 

Silica mgf L 

Calcium mg/L 

Magnesium mg/L 

Sodium mg/L 

Potassium mg/ L 

Strontium mg/L 

Bicarbonate w/L 

Carbonate rag/L 

Hydroxide m3/ L 

Sulfate mg/L 

Chloride mg/L 

T-alkalinity as CaCO3 mg/L 

P-alkalinity as CaCOa m4/L 

Inf 'luent and Effluent Compos tions during Cycle 3.09.10 

Estimated 
Fresh fresh 

regenerant regenerant Service 
volume (Vs) TDS volume (V,) 

Date L mg/L L 

5/3/79 268 52 450 5260 
513179 269 52 450 5130 
514179 270 52 560 5220 
514179 270 52 560 5120 
514179 271 52 560 5030 
5/4/ 79 272 52 560 5140 

Regen 1,2 Regen 1 Regen 2 
influent effluent effluent -- 

35 596 25 071 34 632 

4.8 4.6 4.8 

1510 2050 1960 

1563 1161 1570 

9490 5530 8700 

74 48 70 

36 34 39 

83.0 07.8 73.2 

NO NO ND 

ND ND ND 

4300 3240 4120 

18 540 12 920 18 100 

68.0 72.0 60.0 

NO ND ND 

Estimated 
ED feed 

TOS 
mq/L 2 '/a/(1-R)V, 

3450 94 0.89 
3450 94 0.92 
3380 ;: 0.92 
3380 0.94 
3380 94 0.96 
3380 94 0.94 

Rinse 
Regen 3 service 

lnfluent Effluent influent -- 

4.4 7.2 5.2 7.1 

51 958 41 951 3199 40 759 3555 

61 596 5223 51 178 5746 

4.0 4.6 3.9 4.0 4.0 

133 1850 189 600 13.4 

370 1456 53.0 435 27.5 

18 120 11 340 877 13 180 1211 

149 85 9.3 110 12.6 

2.1 42 2.5 14.0 0.2 

4.9 78.1 22.0 19.5 20.5 

ND ND ND ND ND 

ND ND ND ND ND 

15 000 9000 920 11 900 1120 

18 160 18 100 1126 14 500 1150 

4.0 64.0 18.0 16.0 16.8 

ND ND ND ND ND 

Rinse Service 
effluent effluent -L__ 
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ClZ-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

PROCESS THROUGHPUT CA MG TH NA 
STREAhl RV MEWL MEQ/L MEQ/L MEWL 

REGEN 1 EFFLUEMT 0.00 43.91 
REGEpl I EFFLUENT 1.22 137.23 
REGEIJ 2 EFFLUENT 2.43 128.24 
REGEI~ 2 I PIFLUENT 5. I 1 75.35 
REGEN 2 EFFLUENT 6.94 89.82 
REGEH 3 EFFLUENT 10.62 81 .34 
REGEN 3 I NFLUEN-I IO. 86 6.64 
HEGEN 3 EFFLUENT Il.11 104.79 
REGEiJ 3 EFFLUENT I I .59 102.30 
REGEX 3 EFFLUE!JT 12.89 86.33 
HEGEli 3 EFFLUEN? 13.38 88.32 
RINSE EFFLUENT 0.00 32.44 
RINSE EFFLUENT .76 23.90 
S ERVI CE EFFLUENT I. 52 .48 
SERVICE I NFLUEN? 4.26 9.93 
SERVICE EFFLUENT 14.31 I8 
SERVICE I NFL UENT 25.58 LIR 
SERVICE EFFLUEEJT 27. IO 
SERVICE EFFLUEPJT 3Y.89 ::98 
S ERVI CE EFFLUEN~f 46.29 .78 
SERVICE I NFLUEIJT 53.60 9.13 
S ERVI CE EFFLUENT 53.60 I .65 

CYCLE 3.09.10 

30.78 
128.81 
133.83 
128.64 
128.23 
127.08 

30.4s 
157.20 
131.28 
107.90 

72.35 
43.05 
29.30 

62 
4:31 

.22 
4.22 

.2Y 
I .76 
3.94 
4.26 
5.80 

74.69 
266.03 
262.07 
203.99 
218.05 
208.42 

37.09 
261.99 
233.57 
194.23 
160.67 

75.48 
53.20 

I. IO 
1 f.24 
, .40 

13.40 
.48 

2. I5 
4.73 

13.40 
7.53 

103.52 
302.31 
359.29 
412.79 
403.65 

% 7’: . 
436.28 
537.19 
555.02 
563.29 
678.99 
485.86 

72.60 
37.84 
49.59 
37. IO 
50.02 
47.50 
45.72 
37.10 
43.24 

Service Performance Summary 

CYCLE 3.09.10 

AVERAGE CONCENTRATIONS, hiEQ/L 
I NFLUENT EFFLUE\JT DI FFERENCE RE1v?vAL 

RESIN&PACITY 

CA 9.41 .44 8.97 95 .467 

MG 4.27 I.46 2.81 TH 13.68 1.90 It.78 % :bE 
NA 37.35 51 .I8 -13.83 
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OC 

FIGURE A- a 

MRJOR CfiTION CONCENTRflTIONS 
OF IX REGENERQTTON EFFLUENT 
CYCLE 3.09.10 

0 Calcium Avg. influent 

0 Magnesium concentrations, meq/L - 

n Total hardness Ca++ 
0 Sodium blQ++ 

Y-W= 
129' 

6.64 
30.4 

TH, 204 37.1 
?!a 413 788 

F?eg 1 t Reg 2 t Reg 3-/ 

-T--2-- 12 16 
BED VOLUMES 

FIGURE A- b 
MQJOR CFlTION CONCENTR/7TIONS OF 
IX RINSE RN0 SERVICE EFFLUENTS 
CYCLE 3.09.10 

679 
486 

0 Calcium Avg. influent 

0 Maqnesium 
Ldncentrations, neq/l 

75. 
43. ::*:A 

9.41 
Total hardness 

Cd;+ 
4.27 

32. 23:g 0 Sodium 
h 
TH, 13.7 
F!\ 37.4 

SODIUH [NAI, CALCIUM ICAl, AND MAGNESIUM [MGl CONCENTRATIONS RRE MEASURED BY ATOMIC RBSORPTION. 
‘[OTflL HARDNESS [Ttil IS CALCULATED BY SUMMING THE CALCIUM RN0 MAGNESIUM CONCENTRATIONS. 



c13-1 

Ion-Exchange - Run 3.10.00 

Date: 5/g/79 

Cycle: 3.10.15 

Conditions: Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Control variables: Fresh regeneration cont. (mg/L TO'S) 
Target Actual 

Fresh regeneration flow rate (L/min) 
50 000 50 320 

Recycled regenerant flow rate (L/min) 
5.5 5.6 

Recycled regenerant volume (L) 
16.0 16.6 
1600 

Service termination point (meq/L Ca++) 1.5 
1600 
1.5 

Standard resin bed: Height = 1081 ITIII 
Volume = 98.7 L 

Chemical Compositions of Tank Waters Prior to Cycle 3.10.15 

PH 
Tank units 

Recycle regenerant (T-5) - 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 7.4 

Lime softened feed (T-10) 7.5 

Fresh ED brine (T-28) 5.1 

IX product/ED feed (T-33) 7.2 

Conductivity -.Ca++ Mg++ TH 
d/cm -meq/L mea/L meq/L 

4Y 339 61.0 111.0 172.0 

49 182 95.0 107.0 202.0 

5 082 8.8 4.8 13.6 

5 133 9.2 5.2 14.4 

59 220 5.8 25.7 31.5 

5 178 0.36 1.96 2.32 

Cycle 3.10.15 Operating Conditions 

BED 
DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPANSION TEMPERATURE 

MODE INPUT OUTPUT MIN L 8V L/HIN UV/HIN s C 

REGEN 1 RE REGCN WASTE 10 240 2.43 24.0 .2*3 5s. 20.5 

REGEN 2 RE REGEN SP REGEN 96 1600 16.2 16.6 l 168 35.0 

REGEN 3 FR REGEN SP REGEN 68 3t)Z 3.87 5.59 .a57 11. 22.3 

DRAIN 1 (VENT I WASTE 3 62 .63 20.7 *209 0.0 

RINSE FEED WASTE 10 160 1.62 16.0 ,162 o*o 

SERVICE FEED PRODUCT 201 6260 63.4 30.1 .305 o*o 

DRAIN 2 (VENT) WASTE 2 41 .r2 20.7 .209 0.0 
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C13-2 

Fresh Regenerant Volume Balance 

Run 3.10.00 
Cycle no. Date 

5/5/79 
w/79 
51 b/79 
5/6/79 
5/7/79 
5/7/79 
5/7/79 

:;i::; 
5/a/79 
5/a/79 
5/g/79 
5/g/79 

Units 

U"1t.S 

mg/L 

US/cm 

PH 

~05 CL ions) 

Conductivity Q 25 OC 

E. F. (TDSlcond.) 

Sllicll 

trlclum 

Magnesiw 

Scdirun 

Potass1ull 

strontiun 

Blcarbonatc 

Carbonate 

Hydrwlde 

su1rrte 

Chlorldc 

T-rlkrllnlty a* C.3COl 

P-alkallnitr 31 CaC3, 

Lhlonr 

ICatIons 

Control value 

mg/L 

mg/L 

mg/L 

w/L 

mg/L 

q/L 

q/L 

ml/L 

cg/L 

W/l 

w/L 

W/L 

W/L 

neQ/L 

BWL 

WVL 

Influent and Effluent Compositions during Cycle 3.10.15 

Regen 1. 2 
influent 

uegen 1 
effluent 

36 885 27 100 

6.6 4.6 

1280 1960 

1512 1295 

10 520 6150 

76 50 

33 37 

91.6 63.4 

NO NO 

NO NO 

4900 4240 

I8 460 13 300 

80.0 52.0 

rn ‘(0 

624.4 464.5 

648.5 473.9 

-2.46 -1.28 

Estimated 
Fresh fresh 

regenerant regenerant 
Volume (Va) TDS 

L mq/L 

795 52 560 
301 52 560 
302 52 560 
301 52 560 
301 50 730 
301 50 730 
302 50 750 
302 50 730 
302 50 210 
381 
381 
382 
382 

50 210 
50 210 
50 770 
50 770 

Service 
volume (Vs) 

a770 
5960 
5990 
6000 
6040 
6070 
5920 
6070 
5920 
6290 
6200 
6230 
6260 

Estimated 
ED feed 

TDS 
w/L 

3380 
3380 
3380 
3380 
3370 
3370 
3370 
3370 
3300 
3300 
3300 
3210 
3210 

,R - 
;: 
9’: 
94 
94 
94 

2 
94 

2 
95 

Vj/(l-R)Vr 

1.62 
0.91 
0.90 
0.90 
0.86 
0.86 
0.88 
0.86 
0.90 
1.06 
1.08 
1.14 
1.13 

Regen 2 
effluent 

Rinse, 
kqen 3 IerYlCe 

Influent Effluent influent 

35 665 

4.6 

1580 

1528 

9520 

72 

37 

83.0 

NO 

NO 

4900 

17 940 

68.0 

5.1 

50 324 

60 400 

0.83 

3.7 

114 

340 

17 350 

157 

2.1 

17.1 

NO 

NO 

14 740 

17 600 

14.0 

119 YO 

609.5 801.8 

621.3 792.4 

-1.24 a.9 

7.3 

43 283 3253 

5297 

0.61 

4.2 4.6 

1320 166 

1097 64.9 

12 990 887 

91 9.6 

38 2.5 

83.0 24.4 

NO NO 

NO NO 

10 160 940 

I7 500 1154 

68.0 20.0 

11 YO 

706.7 52.53 

124.4 52.51 

-1.60 to.02 

Rinse service 
effluent effluent 

5.9 7.2 

40 960 3375 

49 674 5579 

0.82 0.60 

4.3 4.7 

388 10.8 

309 36.1 

13 760 1145 

121 13 

12 0.4 

24.4 24.9 

NO NO 

NO NO 

13 200 990 

13 140 1150 

20.0 20.0 

YO ‘(0 

646.0 53.41 

646.7 53.66’ 

-0.07 -0.20 
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c13-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MODE 
PROCESS 
STREAM BV MEQ/L 

MG 
HEQ/L 

TH 
MEQ/L 

NA 
MEQ/L 

REGEN 1 EFFLUENT 0.00 64.37 50.70 115.07 143.11 
REGEN 1 EFFLUENT 1.22 119.76 127.16 246.92 297.09 
REGEN 2 EFFLUENT 2.43 121.76 136.63 258.38 382.78 
REGEN 2 I NFLUENT 4*79 63.87 124.44 188.32 457.59 
REGEN 2 EFFLUENT 10.68 68.36 124.12 192.48 447.59 
REGEN 3 EFFLUENT 18.59 64.37 124.86 189.23 452.37 
REGEN 3 INFLUENT 19.05 5.69 27.98 33.67 754.68 
REGEN 3 EFFLUENT 20.35 82.34 105.51 lb7.85 590.96 
REGEN 3 EFFLUENT 20.63 73.85 90.29 164.14 617.66 
REGEN 3 EFFLUENT 21.66 64.87 76.71 141.58 633.32 
REGEN 3 EFFLUENT 22.45 59.38 61 .bS 121.03 578.95 
RINSE EFFLUENT 0.00 22.41 33.25 55.66 711.18 

RINSE EFFLUENT .81 15.97 17.94 33.91 477.16 
SERVICE EFFLUENT 1.62 .13 .24 .37 58.90 
SERVICE INFLUENT 4.37 8.48 5.41 13.89 38.97 
SERVICE EFFLUENT 16.87 .07 .16 .23 52.33 
SERVICE I NFLUENT 30.28 8.56 5.51 14.09 39.58 
SERVICE EFFLUENT 32.11 .08 .22 .30 52.46 
SERVICE EFFLUENT 47.36 .21 2.11 2.32 50.98 
SERVICE EFFLUENT 54.98 .s3 4.55 5.09 48.50 
SERVICE EFFLUENT 62.61 1.26 6.62 7.87 45.67 
SERVICE I NFLUENT 65.05 8.48 5.50 13.98 39.41 
SERVICE EFFLUENT 65.05 1.53 7.00 a.53 45.02 

CA 
MG 
TH 
NA 

CYCLE 3.10.15 

THROUGHPUT CA 

Service Performance Summary 

CYCLE 3.10.15 

AVERAGE CONCENTRATIONS, MEG/L REMOVAL 
INFLUENT EFFLUENT DIFFERENCE yi 

0.52 .28 6.23 97 
5.47 1.71 3.76 69 

13.99 1.99 12.00 86 
39.32 51.78 -12.45 

RESIN CAPACITY 
EQ/L 

.522 

.239 
,761 
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FIGURE A- a 
MQJCIR CATION CONCENTRRTTONS 
OF IX REGENERRTION EFFLUENT 
CYCLE 3.10. IS 

0 Calcium Avgd influent 
0 Magnesium Concentrations, meq/L 

A Total hardness Ca++ Req 1.2 Reg 3 
0 Sodium 63.9 5.69 

Mg++ 124 28.0 
TH 183 33.7 
Nat 458 755 

6‘ 12 18 
!3ED VOLLJMES 

211 

FIGURE A- b 
MRJCIR CRTION CONCENTRATIONS OF 
IX RINSE FlND SERVICE EFFLUENTS 
CYCLE 3.10.15 

UMES 

SODDvJH. (NRl.. CALCIUM ICRI, RND MRGNESIUM (flG1 CONCENTRATIONS RRE MWSURED BY ATOMIC ABSORPTION. 
TOTflL HARDNESS (-i-HI IS CALCULflTED BY SUMMING THE CALCIUM flND flflGNESTUH.CONCENTRFlTIONS. 



c14-1 

Ion-Exchange - Run 3.11.00 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

5/12/79 

3.11.12 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Target Actual 

Fresh regeneration cont. (mg/L TDS) 50 000 51 810 
Fresh regeneration flow rate (L/min) 5.5 5.5 
Recycled regenerant flow rate (L/min) None None 
Recycled regenerant volume (L) None 
Service termination point (meq/L Cat+) 1.5 

None 
1.3 

Height = 1081 mn~ 
Volume = 98.7 L 

Chemical Compositions of Tank Waters Prior to Cycle 3.11.12 

PH 
Tank units 

Recycle regenerant (T-5) r 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 7.3 

Lime softened feed (T-10) 7.5 

Fresh ED brine (T-28) 5.9 

IX product/ED feed (T-33) 7.3 

Conductivity 
US/cm 

50 698 

50 394 

5 188 

5 177 

62 098 

5 471 

..Ca++ 

meq/L 

66.0 

66.0 

9.20 

8.0 

6.0 

0.48 

Mg++ TH 
meq/L meq/L 

116.0 182.0 

110.0 176.0 

3.00 12.2 

5.20 

29.0 35.0 

1.20 1.69 

Cycle 3.11.12 Operating Conditions 

BED 
DURATION THROUGHPUT VOLUME 

NODE 
AvG FLOW RATE EXPANSION TEMPEHATURE 

INPUT OUTPUT HIN L BV L/MIN tlV/HIN B C 

REGEN 1 RE REGEN WASTE 10 231 2.34 23.1 ,234 51. 22.0 

REGLN 3 FR REGEN SP REGEN 51 291 2.15 5.49 .056 9.6 24.2 

DHAIN i (VENT) WASTE 3 62 .b3 20.7 0209 0.0 

RINSE FEED WASTE 10 150 1.52 15.0 0152 0.0 

SERVICE FEE0 PRODUCT 152 45MO $6.4 30.1 ,305 0.0 

DRAIN 2 (VENT) WASTE 2 41 .42 20 .#I .209 0.0 
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C14-2 

Fresh Regenerant Volume Balance 

Estimated 
Fresh fresh Estimated 

regenerant regenerant Service- ED feed 
Run 3.11.00 volume (Va) TDS 

Cycle no. Date 
volume (Vs) TDS 

L mg/L L mq/L 

03 5/10/79 282 50 770 5330 3370 

:z 5/10/79 5/11/79 281 281 50 52 770 150 4580 4610 3370 3510 

:; 5111179 5/11/79 282 280 52 52 150 150 4900 4870 3510 3510 
08 5111179 280 52 150 4840 3510 
09 5/11/79 281 52 150 4600 3510 
10 5/11/79 281 52 150 4490 3510 

;: 5/12/79 5/12/79 281 281 52 52 600 600 4510 4580 3390 3390 

Units - 

""Its 

mg/L 

d/cm 

PH 

~0s (r ions) 

Conductlvlty B 25 'C 

E. F. (TOS/cond.) 

Sllicr 

Calcium 

Magnesium 

Sodium 

Potdsrlum 

Strontium 

Bicarbonate 

Cdrbonate 

Hydrorlde 

Sulfate 

Chlorldc 

T-*1talinlty II C&CO3 

P-altrlin(ty as caco1 

rAnIons 

ICIttO~S 

Control rtlue 

m9fL 

m9lL 

mg/L 

mg/L 

m9lL 

mg/L 

W/L 

Y/L 

mg/L 

W/L 

m9lL 

mg/L 

WA 

rw/L 

r&L 

-VL 

9 - 
94 
94 
94 

2 

;: 
94 
94 
94 

Vj/(l-R)Vx 

0.93 
1.09 
1.03 
0.98 
0.98 
0.98 
1.04 
1.06 
1.11 
1.10 

Influent and Effluent Compositions during Cycle 3.11.12 

K!egen 1 
Influent uent e 

37 616 21 892 

4.6 4.0 

1250 2230 

1542 1208 

10 470 6180 

lb 47 

40 40 

73.2 83.0 

NO NO 

NO YO 

5560 4400 

18 SW 13 700 

60.0 68.0 

NO NO 

641.7 479.5 

641.5 

-0.57 

481.6 

-0.28 

ueqen 3 
lnfluent e “en 

6.r) 

51 814 

63 479 

0.82 

4.1 

124 

363 

18 240 

166 

2.1 

34.2 

NO 

YO 

15 280 

17 600 

28.0 

NO 

815.3 

833.8 

-1.45 

158 

42 832 

4.2 

2360 

1402 

11 050 

70 

50 

87.8 

NO 

NO 

9100 

1s 700 

72.0 

YO 

718.5 

716.9 

+0.14 

Rinse. 
service 
influent 

1.3 

3279 

5321 

0.61 

6.8 

156 

15.2 

909 

8.9 

2.9 

19.5 

NO 

NO 

940 

1160 

16.0 

NO 

52.62 

53.91 

-1.29 

Rinse service 
effluent effluent 

6.3 7.2 

40 219 4783 

50 800 7309 

0.79 0.65 

4.2 6.9 

510 20.2 

370 39.8 

13 410 1592 

123 16.3 

11.2 0.9 

31.2 22.0 

NO NO 

NO NO 

10 960 1925 

14 140 1160 

25.6 18.0 

NO NO 

644.6 73.18 

645.2 

-0.06 

13.96 

-0.64 



c14-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MODE 
PROCESS 
STREAM 

REGEN 1 Ef FLUENT 
REGEN 1 I NFLUENT 
REGEN 1 EFFLUENT 
REGEN 3 EFFLUENT 
REGEN 3 I NFLUENT 
REGEN 3 EFFLUENT 
REGEN 3 EFFLUENT 
REGEN 3 EFFLUENT 
REGEN 3 EFFLUENT 
RINSE EFFLUENT 
RINSE EFFLUENT 
SERVICE EFFLUENT 
SERVICE INFLUENT 
SERVICE EFFLUENT 
SERVICE I NFLUENT 
SERVICE EFFLUENT 
SERVICE EFFLUENT 
SERVICE EFFLUENT 
SERVICE I NFLUENT 
SERVICE EFFLUENT 

CYCLE 3.11.12 

THROlJCjHPUT CA 
t3V ME:O/L 

0.00 52.89 
.70 b2.36 

1.17 145.71 
2.34 132.24 
2.51 6.13 
2.95 153.19 
3.45 12u.25 
3.90 106.29 
5.18 71.86 
0.00 30.44 

.7b 20.91 
1.52 1.49 
4.27 7.83 

14.04 .14 
25.64 7.68 
26.55 .16 
39.07 l 49 
45.40 1.04 
47.92 7.63 
47.92 1.33 

MG 
MEQ/L 

TH 
MEU/L 

NA 
MEQ/L 

33.09 85.98 117.88 
126.91 189.29 455.42 
131.52 277.23 324.49 
130.86 263.10 382.34 

29.88 36.06 793.39 
150.37 303.56 464.55 
121.73 245.‘38 510.66 
105.93 212.21 526.75 

64.03 135.&9 535.45 
35.72 66.16 702.91 
24.53 45.43 486.30 

3.40 4.89 171.38 
6.02 13.86 39.23 

.21 .36 52.11 
6.06 13.74 39.45 

l 39 .55 51.15 
3.17 3.66 48.46 
5.43 6.47 46.28 
6.01 13.b4 39.58 
6.12 7.44 45.15 

Service Performance Summary 

CYCLE 3.11.12 

AVERAGE CONCENTRATIONSI MEOIL REMOVAL 
I NFLUENT EFFLUENT DIFFERENCE % 

CA 7.72 .52 7.20 93 
MG 6.03 1.95 4.08 68 
TH 13.75 2.46 11.29 82 
NA 39.42 66.45 -27.03 

RESIN CAPACITY 
EQ/L 

,334 
.190 
.524 
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FIGURE A- a 
MAJOR CFITTON CONCENTRRTIONS 
OF IX REGENERFIT ION EFFLLJENT 
CYCLE 3. Il. 12 

0 Calcium Avg. influent 
0 Magnesium concentrations, meq/L 

A Total Hardness Reg 3 Req 1 

0 Sodium Ca++ 
Mq++ 

b1.4 6.1Y 
127 29.9 

TH 
Nat 

la9 36.1 
455 793 

FIGURE A- b 

Mf7JOR CRT.!ON CONCENTRATIONS OF 
IX RINSE RN0 SERVICE EFFLUENTS 
CYCLE 3.11.12 

OCalcium 
>486 OMagnesium Avg. influent 
b45.4ATotal hardness concentrations, meq/L 

124.50Sodium Ca+ 
+ 

7.72 
120.9 Mg++ 6.03 

TH, 
Na 

1 I 
2 +OL.UMES 6 8 -0 

BED BED 
%LUMES 36 

SOOIUH [NA1, CRLCIWl.ICCA3~ FtNQ MAf~ESIUM (HGI CONCENTRATIONS ARE MEASURED.BY. RTUMIC.ABSORPTION. 
TOTAL HARDNESS (THI IS.CALClJLATED.8Y SUMMING THE CALCIUM RN0 MAGNESIUM CONCENTRATIONS. 



ClS-1 

Ion-Exchange - Run 3.26.000 

MODE 

REGEN 1 

REGEN 2 

REGEN 3 

DRAIN 1 

RINSE 

SERVICE 

DRAIN 2 

INPUT 

Date: 

Cycle: 

Conditions: 

Control variables: 

RE REGEN 

RE REGEN 

Fu REGEN 

(VENT) 

FEED 

FEED 

(VENT) 

Standard resin bed: 

5126179 

3.26.12D 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS) 
Fresh regeneration flow rate (L/min) 5.5 5.5 
Recycled regenerant flow rate (L/min) 8.0 7.8 
Recycled regenerant volume (L) a00 800 
Service termination point (meq/L Cat+) 1.5 *1.6 

Height = 1081 n 
Volume = 97.7 L 

Chemical Ccmpositions of Tank Waters Prior to Cycle 3.26.12D 

PH 
Tank units 

Recycle regenerant (T-5) - 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 7.2 

Lime softened feed (T-10) 7.4 

Fresh ED brine (T-28) 4.0 

IX product/ED feed (T-33) 7.2 

Conductivity 
..Ca++ 

d/cm meq/L 

50 671 73.5 

50 666 76.0 

5 242 9.6 

5 224 9.6 

61 491 6.8 

5 480 0.36 

Cycle 3.26.1213 Operating Conditions 

OURATZON THROUGHPUT VOLUME 
OUTPUT WIN L MV 

UASTE 10 240 2.43 

sP REGEN 102 800 8.11 

sP REGEN 55 299 3.03 

WASTE 3 62 ~63 

WASTE 10 160 1.62 

PRODUCT 185 5540 56.1 

WASTE 2 41 .42 

Mg++ TH 
meq/L meoIL 

118.0 192.0 

116.0 192.0 

3.8 13.4 

3.8 13.4 

23.7 30.5 

1.0 1.4 

BED 
AVG FLOW RATE EXPANSION TEMPERATURE 
L/HZN OV/WZN s, C 

24.0 l 243 47. 26.8 

T.82 ,079 11. 

5.48 .056 9.6 28.0 

20.7 .209 0.0 

16.0 0162 0.0 

29.9 .303 090 

20.7 .209 0.0 
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C15-2 

Fresh Regenerant Volume Balance 

PH 

TDS. (e ions) 

Conductlvlty 0 25 UC 

E. F. (TOS/cond.) 

silica 

Calcium 

Mgncrlm 

Sodium 

Potarrlum 

Strontium 

Bicartmnrtc 

Cdrbonate 

Hydrwldc 

Sulfate 

Chloride 

T-alkalinity ,I CaCO, 

P-llkallnity 4, C&O, 

LAnbXlS 

IClliOtl¶ 

Control vrluc 

Run .3.26.OOD 
Cycle no. Date 

i4" 
s/23/79 
j/23/79 

2 5/24/79 
s/24/79 

K 5/24/79 
s/25/79 

09 s/25/79 
.K 5/25/79 

5/26/79 
12 5126179 

Fresh 
regenerant 
volume (VJ) 

Estimated 
fresh 

re9enerant 
TDS 
mg/L 

52 680 
52 680 
52 770 
52 770 
52 770 
52 740 
52 740 
52 740 
52 930 
52 930 

Service 
volume (Vs) 

L 

6530 
6610 
6020 
6050 
5890 
5770 
5700 
5730 
5678. 
5540 

Estimated 
ED feed 

TDS 
mq/L 

3490 
3490 
3270 
3270 
3270 
3200 
3200 
3200 
3400 
3400 

s - 

;: 
95 

9’: 

;: 
95 
94 
94 

V;/(l-R)V? 

0.80 
0.79 
0.94 
0.93 
0.96 
0.99 
1.01 
1.00 
0.94 
0.96 

Influent and Effluent Compositions during Cycle 3.26.12D 

u 

unit* 

mg/L 

uS/cm 

m9lL 

rn9/L 

mg/L 

mg/L 

mg/L 

rn9lL 

agIL 

m9/L 

mg/L 

mg/L 

mg/L 

ml/L 

mg/L 

WVL 

meq/L 

W?rl/L 

Regen 1. 2 
influent 

Regen 1 
effluent 

aegen 2 
effluent 

17 020 

5.6 5.8 6.4 

1410 2150 1950 

1563 1061 1491 

IO 220 5610 9150 

7.2 46 74 

16 16 38 

58.6 73.2 71.2 

NO ND NO 

ND ND ND 

4600 1140 4140 

19 100 13 200 la 900 

48.0 60.0 60.0 

NO NO NO 

615.6 443.1 624.8 

645.5 440.6 629.6 

-1.00 *0.37 -0.49 

Reqen 3 
n uent Effluent 

4.0 

52 122 

61 950 

0.84 

5.4 

118 

103 

18 450 

109 

1.1 

15.6 

NO 

NO 

15 000 

18 1w 

29.2 

NO 

823.6 

816.2 

-0.98 

6.0 

1470 

1376 

11 470 

a2 

36 

73.2 

NO 

NO 

a480 

18 200 

60.0 

NO 

691.1 

688.4 

.0.26 

Rinse) 
service 
influent 

7.3 

3290 

4529 

0.73 

1.9 

175 

47.2 

927 

a.9 

2.4 

17.6 

NO 

NO 

928 

ilao 

14.4 

NO 

52.91 

53.22 

-0.34 

Rinse 
effluent 

Service 
effluent 

4.1 7.2 

42 902 4655 

53 550 6711 

0.80 0.69 

5.1 3.8 

440 17.9 

141 11.3 

14 610 1588 

86 14.1 

12.9‘ 0.5 

24.4 19.5 

ND NO 

NO ND 

12 a30 1198 

15 100 iiao 

20.0 16.0 

NO NO 

681.6 71.06 

6aa.2 72.87 

-0.43 -1.50 
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C16-3 

Major P..C,',, P^.a---l.--12-. r c w . - CILILIUII wmxncrar;lons of barnpIes Analyzed by Atomic Absorption 

MODE 
PROCESS 
STREAM 8V MEQ/L 

MG TH 
MEQ/L MEQ/L 

REGEN I EFFLUENT 0.00 23.70 10.86 34.57 
REGEN 1 EFFLUENT 1.22 166.16 126.01 294.17 
REGEN 2 EFFLUENT 2.43 133.73 128.46 262.21 
REGEN 2 INFLUENT 4.41 71.36 1213.64 200.00 
REGEN 2 EFFLUENT 6.39 87.33 124.53 211.85 
REGEN 3 EFFLUENT 10.51 72.85 126.50 199.36 
REGEN 3 I NFLUENT 10.85 5.89 24.94 30.83 
REGEN 3 EFFLUENT 11.13 93.81 158 .‘+4 2S2.25 
REGEN 3 EFFLUENT 11.74 77.84 125.lY 203.03 
REGEN 3 EFFLUENT 12.35 60.86 106.17 175.04 
REGEN 3 EFFLUENT 13.58 5tl.at) 63.46 122.34 
RINSE EFFLUENT 0.00 23.65 30.12 53.78 
RINSE EFFLUENT .81 21.51 27.90 49.41 
SERVICE EFFLUENT 1.62 .96 3.23 4.19 
SERVICE INFLUENT 4.35 9.01) 3.91 12.99 
SERVICE EFFLUENT 16.49 ,I2 1.72 1.84 
SERVICE INFLUENT 23.77 8.98 3.91 12.89 
SERVICE EFFLUENT 31.05 .13 2.27 2.40 
SERVICE EFFLUENT 45.92 .38 2.13 2.52 
SERVICE EFFLUENT 53,so 1.04 4.42 5.46 
SERVICE INFLUENT 57.75 8.88 3.92 12.80 
SERVICE EFFLUENT 57.75 1.61 5.39 7.00 

CA 8.96 .44 8.54 95 
HG 3.91 2.57 1.34 34 
TH 12.89 3.01 9.68 77 
NA 39.76 66.85 -27.09 

CYCLE 3.26.12D 

THROUGHPUT CA 

Service Performance Sunary 

CYCLE 3.26.12D 

AVERAGE CONCENTRATIONS, MEIJ/L REMOVAL RESIN CAPACITY 
INFLUENT EFFLUENT DIFFERENCE % EQ/L 

.479 
.075 
.555 

NA 
MEQ/L 

63.90 
294.04 
373.21 
444.54 
429.32 
439.76 
602.52 
478.47 
535.02 
562.42 
S55.02 
730.32 
S76.34 
168.77 

39.97 
52.63 
39.84 
52.63 
50.72 
47.50 
39.45 
46.24 
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FIGURE A- a 

Mfl.JOR CQTION CONCENTRflTIONS 
OF IX REGENERf7TION EFFLUENT 
CYCLE 3.&.!20 

0 Calcium 
0 hagnesium 

A Total Hardness 

0 Sodium 

AVCI. influent 
concentrations mcq/L p--'--.s- 

Keg 1,2 Ret) 3 
Cat+ -- 71.4 5.89 
Mg++ 129 24.9 
TH 200 30.8 
Na+ 445 803 

FIGURE A- b 

MRJOR CFITION CONCENTRf7TIONS OF 
IX RINSE FlND SERVICE EFFLUENTS 

3. rYCLE 
730 0 

f 

576 
53.' 49.4 
30.1 23 G 27.9 

* 021.5 

LG.120 
0 Calcium 

0 Magnesium 

A Total Hardness 

0 Sodium 

Service 

15 Xl 4s 
BED VOLUMES 

SODlUM (NFij, CALCIUM ICRI, RN[I MAGNESIUM [MGj CUNCENTRRTIBNS ARE MEASURED BY RTDMIC RBSORPTIBN. 
lOTAL HARDNESS (XI IS CALCULATED BY SUMMING THE WLCIUM RN0 MAGNESIUM CBNCENTRRTIBNS. 



HOOE INPUT 
DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPAhSlON TEMPERATURE 

OUTPUT MIN L 0V L/HIN BV/HIN !a C 

REGEN 1 RE REGEN YASTE 10 240 2.43 24.0 .243 49. 26.0 

PEGEN 2 HE HEGEN SP REGEN 33 000 tl.11 24.2 .246 49. 

REGEN 3 FR REGEN SP REGEN 50 271 2.15 5.42 ,055 9.6 28.0 

DRAIN 1 (VENT) WASTE 3 62 .63 20.7 .209 0 

RINSE FEED UASTE 10 140 1.42 14.0 .I42 0 

SERVICE FEED PRODUCT 162 4780 40.4 29.5 .299 0 

DRAIN 2 (VENT) WASTE 2 41 .42 20.7 .209 0 

C16-1 

IonTExchange - Run 3.27.25D 

Date: 

Cycle: 

Conditions: 

6/2/79 

3.27.25D 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Control variables: 

Standard resin bed: 

Fresh regeneration cont. (mg/L TDS) 

Actual ;;r;;,' 
53 400 

Fresh regeneration flow rate (L/min) 5.5 5.4 
Recycled regenerant flow rate (L/min) 24.0 24.2 
Recycled regenerant volume (L) 800 800 
Service termination point (meq/L Cd++) 1.5 -1.6 

Height = 1081 mn 
Volume = 98.7 L 

Chemical Compositions of Tank Waters Prior to Cycle 3.27.25D 

PH Conductivity Cd++ 
Tank units US/cm meq/L 

Recycle regenerant (T-5) - 49 197 80.0 

Spent regenerant (~-6) 48 998 96.0 

Lime-softened feed (T-9) 7.3 5 343 9.6 

Lime softened feed (T-10) 7.2 5 336 1c.o 

Fresh ED brine (T-28) 3.9 62 028 8.0 

IX product/ED feed (T-33) 7.2 5 788 0.64 

Cycle 3.27.25D Operating Conditions 

128.0 208.0 

126.0 222.0 

4.4 14.0 

4.0 14.0 

23.0 31.0 

1.0 1.6 

BED 
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C16-2 

Fresh Regenerant Volume Balance 

Fresh Fresh 
regenerant regenerant 

Run 3.27.000 volume (V3) TDS 
Cycle no. Date L m/L 

03 5/27/79 299 52 930 
04 5/27/79 299 52 930 
05 5/27/79 300 52 930 
06 5/28/79 299 52 930 
07 5j2aj79 298 52 930 
08 5/28/79 299 52 930 
09 5/28/79 273 52 930 

21 6jlj79 272 53 510 
22 6/l/79 274 53 510 
23 6/l/79 272 53 510 

24 b/2/79 270 53 760 
25 b/2/79 271 53 760 

PM 

m (z ions) 

colduCti*1ty F 25 QC 

E. F. (TDSlcond.) 

Silica 

cdlclw 

tlagncs1m 

Sodlm 

Potassium 

strontiln 

Bicdrbondte 

carbonrte 

Hydroxide 

Sulfate 

Chlorldc 

T-alkallnlty .I C&O, 

T-rcldity .I MO, 

CAnIons 

tcltlonc 

Control rrlur 

5129179 271 53 400 
5;29;79 272 53 400 
5129179 273 53 400 
5129179 271 53 400 
5;30;79 272 53 640 
5/30/79 - 53 640 
5131 I79 694 53 400 
b/1/79 271 53 510 
6/l/79 272 53 510 

Estiaated 
Service ED feed 

volL-e ('I,) TOS R 
L mq/L y, '1:/(1-2 115 

5580 3400 94 0.96 
5330 3400 94 1.00 
5190 3400 94 1.03 
5260 3400 94 1.01 
5430 3400 94 0.97 
4980 3400 94 1.07 
4920 3400 94 0.99 
4730 
4950 
463~ 
4700 
4760 

5990 
4810 
5010 
4780 
4640 
4740 

4660 
4780 

3480 94 1.00 
3400 24 0.96 
3480 94 1.03 
3480 94 1.01 
3860 94 0.89 
3860 94 - 
3560 94 1.97 
3610 94 0.95 
3610 94 0.92 
3610 94 0.96 
3610 94 1.00 
3610 94 0.97 

3590 94 1.01 
3590 94 0.98 

Influent and Effluent Compositions during Cycle 3.27.25D 

Units 

""It5 

v/L 

uS/cm 

m9lL 

v/L 

W/L 

w/L 

W/L 

W/L 

m9iL 

WL 

w/L 

V/L 

W/L 

W/L 

ma 

meuq/L 

8U~L 

uegen 1. 2 Regen 1 Regerl 2 ueqen 3 
influent effluent effluent Tnfluent Effluent 

35 600 

5.8 5.6 

1520 1920 

1419 I108 

9820 6190 

67 46 

35 34 

73.2 97.6 

ND NO 

ND ND 

4060 3560 

18 600 13 5w 

60.0 80.0 

3.9 

53 402 

62 515 

0.85 

6.2 4.9 

1890 125 

1478 276 

9230 18 540 

65 134 

38 2.1 

73.2 ND 

ND NO 

NO NO 

4400 16 000 

18 500 18 320 

60.0 ND 

12.0 

614.7 850.1 

619.9 838.9 

-0.54 +0.04 

7.3 

3549 

5463 

0.65 

5.4 4.5 

1560 177 

1286 60.1 

11 850 1017 

77 0.4 

37 2.9 

97.6 19.5 

ND ND 

NO ND 

8500 990 

18 100 1270 

80.0 16.0 

610.5 456.6 

621.5 458.2 

-1.15 -0.22 

689.3 56.77 

701.9 58.30 

-1.17 -1.55 

Rlnre 
effluent 

4.2 

43 624 

53 328 

0.82 

4.9 

461 

342 

14 980 

103 

11.5 

ND 

NO. 

NO 

11 500 

16 220 

no 

10.0 

697.1 

705.8 

-0.79 

Service 
effluent 

6.7 

5562 

7890 

0.70 

4.7 

26.9 

37.9 

1862 

15.5 

0.8 

19.5 

ND 

NO 

2375 

1220 

16.0 

84.20 

85.87 

-1.17 
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C16-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MOOE 

REGEN 1 
REGEN 1 
REGEN 2 
REGEN 2 
REGEN 2’ 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

THROUGHPUT CA 
BV MEQ/L 

MG 
MEQ/L 

TH 
MEQ/L 

NA 
MEQ/L 

EFFLUENT 0.00 44.41 28.48 72.89 117.44 
EFFLUENT 1.22 124.25 117.53 241.78 308.83 
EFFLUENT 2.43 116.27 124.28 240.S5 369.73 
I NFLUENT 4.64 75.85 116.79 192.64 427.14 
EFFLUENT 6.61 87.82 117.94 205.77 417.14 
EFFLUENT 10.54 80.84 119.51 200.34 423.23 
INFLUENT 10.81 6.24 22.72 28.95 806.44 
EFFLUENT 11.06 98.80 145.19 243.99 487.17 
EFFLUENT 11.69 82.83 118.85 201.68 523.27 
EFFLUENT 12.29 66.87 90.53 157.40 577.21 
EFFLUENT 13.27 60.38 61.32 121.70 622.01 
EFFLUENT 0.00 24.40 27.65 52.06 713.79 
EFFLUENT .71 22.26 27.98 50.24 585.04 
EFFLUENT 1.42 1.44 5.37 6.60 223.58 
I NFLUENT 4.11 8.66 4.81 13.50 41.71 
EFFLUENT 14.27 .20 .21 r41 55.07 
I NFLUENT 20.85 8.68 4.74 13.42 41.45 
EFFLUENT 27.13 .21 .32 .54 55.55 
EFFLUENT 39.98 .47 2.lb 2.66 52.46 
EFFLUENT 46.56 1.06 4.59 5.66 49.46 
I NFLUENT 49.85 8.63 4.77 13.41 41.71 
EFFLUENT 49.85 1.55 5.75 7.30 48.11 

CYCLE 3.27.25D 

Service Performance Summary 

CYCLE 3.27.25D 

AVERAGE CONCENTRATIONS, MEQ/L REMOVAL 
INFLUENT EFFLUENT DIFFERENCE % 

CA 8.67 .56 8.11 94 
MG 4.78 1.95 2.82 59 
TH 13.44 2.51 10.93 81 
NA 41.63 76.23 -34.60 

RESIN CAPACITY 
EQ/L 

.393 

.137 

.529 
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MOOE 

REGEN 1 

REGEN Z 

HEGEN 3 

DRAIN 1 

RINSE 

SERVICE 

DRAIN 2 

INPUT 

RE REGEN 

RE RELEN 

FR REGEN 

(VENT1 

FEED 

FEE0 

(VENT) 

c17-1 

Ion-Exchange - Run 3.12.00 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

6/6/?9 

3.12.09 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS) 3% 
Actual 

Fresh regeneration flow rate (L/min) 
35 

3.0 
Recycled regenerant flow rate (L/min) 8.0 ii*,' 
Recycled regenerant volume (L) 800 
Service termination point (meq/L Ca++) 3.0 

800 
2.8 

Height = 1081 mn 
Volume = 98.7 L 

Chemical Compositions of Tank Waters Prior to Cycle 3.12.09 

PH 
Tank units 

Recycle regenerant (T-5) - 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 7.4 

Lime softened feed (T-10) 1.4 

Fresh ED brine (T-28) 4.3 

IX product/ED feed (T-33) 6.8 

Conductivity ..Ca++ 

us/cm meq/L 

37 099 63.5 

36 910 71.5 

5 355 9.4 

5 345 9.8 

44 870 6.6 

5 836 0.68 

Cycle 3.12.09 Operating Conditions 

DURATION THROUGHPUT VOLUME 
OUrPUT MIN L BV 

UASTE 10 240 2.43 

SP REGEN 99 800 6.11 

SP REGEN 146 452 4.50 

WASTE 3 62 .b3 

WASTE 10 140 1.42 

PRODUCT 175 5250 53.2 

WASTE 2 41 .42 

Mg++ TH 
meq/L mea/L 

18.5 142.0 

68.5 140.0 

4.2 13.6 

4.2 14.0 

17.4 24.0 

1.7 2.4 

AVG FLOW RATE 
L/HIN t)V/MIN 

24.0 .243 44. 27.1 

8,Ob ,082 8.9 

3.09 0031 1.8 26.7 

20.7 .2OY 0.0 

14.0 .I42 o*o 

30.0 0304 0.0 

20.7 .209 0.0 

BED 
EXPANSION TEMPERATURE 

is C 
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Run 3.12.00 
Cycle no. Date 

8: 
b/3/79 
b/4/79 

04 b/4/79 

:z 
b/4/79 
b/5/79 

07 b/5/79 

0": 
b/5/79 
b/6/79 

PH 

70~ (I: ions) 

Conductivity B 25 % 

E. f. (TOSlcond.) 

SlllCS 

CIlCfum 

Ndgrles~w 

Sodiua 

Potars!ur 

Strontium 

alcrrbonrte 

Cdrbonltr 

Hydrarldc 

Sulfate 

Chloride 

C17-2 

Fresh Regenerant Volume Balance 

Fresh Fresh 
regenerant regenerant 
volume (Vj) TDS 

c mg/L 

450 36 440 
452 36 440 
451 36 440 
452 36 440 
452 36 330 
454 36 330 
453 36 330 
452 35 580 

Service 
volume (V,) 

L 

6030 
5470 
5260 
5200 
5170 
5250 
5130 
5250 

Estimated 
ED feed 

TDS 
mq/L F: - V3/(1-R)V> 

3540 
3540 

ii 0.88 
0.97 

3540 91 1.01 
3540 z: 1.02 
3590 1.00 
3590 91 0.99 
3590 91 1.02 
3620 91 0.96 

Influent and Effluent Compositions during Cycle 3.12.09 

Units - 

unitr 

w/L 

US/Cm 

m9lL 

mg/L 

m9/L 

mg/L 

m9/L 

W/L 

mg/L 

v/L 

mq/L 

W/f- 

q/L 

Reqen 1. 2 
influent 

lkqen 1 
effluent 

26 534 18 169 

4.8 4.6 

1230 1480 

960 687 

7200 4140 

49 30 

27 28 

73.2 58.6. 

NO NO 

ND NO 

4000 3240 

13 000 8500 

60.0 48.0 

451.2 308.2 

457.2 311.9 

-0.33 -0.74 

Reqen 2 Reqen 3 
lnfluent Effluent 

26 261 

4.8 

1620 

950 

6700 

45 

28 

73.2 

NO 

ND 

4000 

12 840 

60.0 

406.7 

452.2 

-0.78 

4.3 

35 655 

44 651 

0.30 

4.5 

139 

197 

12 520 

72 

2.4 

NO 

NO 

NO 

10 6W 

12 120 

ND 

16.0 

562.7 

569.7 

-0.79 

< 
31 363 

4.6 

1220 

731 

9000 

51 

23 

73.2 

NO 

NO 

7200 

13 060 

60.0 

7.3 

3411 

5345 

0.64 

3.7 

172 

55.6 

963 

7.9 

2.6 

19.5 

NO 

NO 

970 

1212 

16.0 

519.6 54.71 

514.3 55.52 

+0.64 -0.64 

Rinse. 
service 

influent 
Rinse 

effluent 

4.4 

34 061 

42 360 

0.30 

4.4 

300 

187 

11 700 

a3 

6.5 

NO 

ND 

ND 

9900 

11 880 

NO 

14.0 

541.4 

541.6 

-0.03 

Servlcc 
effluent 

6.9 

4833 

75i2 

0.64 

3.7 

26.9 

34.1 

1721 

14.5 

0.5 

22.0 

NO 

NO 

2150 

1200 

16.0 

71.64 

79.4i 

-0.58 
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c17-3 

Major Cation Concentrations of Samp les Analyzed by Atom ic Absorption 

MODE 

REGEN 1 
REGEN 1 
REGEN 2 
REGEN 2 
REGEN 2 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

THROUGHPUT 
8V 

CA MG 
MEQ/L MEQ/L 

TH 
HEG/L 

NA 
MEQ/L 

EFFLUENT 0.00 38.42 21.65 60.07 90.91 
EFFLUENT 1.46 99.30 79.09 178.40 223.14 
EFFLUENT 2.43 94.81 84.53 179.34 265.33 
INFLUENT 2.92 61.38 79.01 140.39 314.92 
EFFLUENT 6.27 76.84 75.64 154.48 291.43 
EFFLUENT 10.51 66.87 76.21 143.08 430.19 
INFLUENT 10.60 6.94 16.21 23.15 299.57 
EFFLUENT 11.64 69.86 86.01 155.87 331.88 
EFFLUENT 12.77 64.87 72.59 137.46 377.12 
EFFLUENT 13.90 46.91 36.87 83.78 448.46 
EFFLUENT 15.10 56.38 29.38 87.77 485.86 
EFFLUENT 0.00 12.67 15.47 28.15 534.58 
EFFLUENT .71 17.12 15.47 32.59 487.17 
EFFLUENT 1.42 1.17 3.64 4.81 203.57 
I NFLUENT 4.15 8.63 4.68 13.32 42.06 
EFFLUENT 14.79 .18 .17 .36 54.94 
I NFLUENT 26.95 8.48 4.67 13.16 41.24 
EFFLUENT 26.17 .20 .25 .45 53.72 
EFFLUENT 41.54 .54 2.23 2.77 51 r50 
EFFLUENT 48.23 1.38 4.88 6.26 48.11 
INFLUENT 54.61 8.58 4.69 13.27 41.45 
EFFLUENT 54.61 2.84 6.39 9.23 45.24 

CYCLE 3 .12.09 

Service Performance Summary 

CYCLE 3.12.09 

AVERAGE CONCENTRATIONS, MEG/L REMOVAL 
INFLUENT EFFLUENT DIFFERENCE 96 

CA 8.57 .69 7.68 92 
MG 4.68 1.97 2.72 58 
TH 13.25 2.65 10.60 80 
NA 41.58 71.25 -29.66 

RESIN CAPACITY 
EQ/L 

,419 
,145 
.564 
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FIGURE A- a FIGURE A- b 

MQJCIR C!X I ON CONCE-NTRW ! ONS MRJOR Cf7TION CONCENTRQTIONS OF 
OF IX REfXNERFIT!ON EFFLUENT IX RINSE FlND SERVICE EFFLUENTS 
CYCLE 3.12.179 

0 Calcium 
0 biagnesium 

A Total Hardness 

0 Sodium 

Avq. influent 
wncentFations meq/L 

peg I,2 "nr; 2 

&I++ 
t1g++ 

61.4 %4 
79.0 16.2 

TH. 140 23.2 . 
Na+ 315 300 

BED VbOi”MES 
12 

CYCLE 3- 12.09 
a Calcium 

0 Magnesium 
A Total Hardness 

115.5 0 Sodium 

Avu. influent 
. I  

Service 

SODIUH INfll, CALCIUM (CR], FtND MAGNESIUM (MGj CBNCENTRATICNS ARE MEASURED BY ATOMIC ABSORPTION. 
10~~~ HARDNESS (TM) Is cflixuifl-rm BY Sut91It4~ -viE CALC~~ ma MRGNESIUM CBNC~~~TRATIONS. 



MODE INPUT 
DURATION THROUGhPUT VOLUME 

OUTPUT MIN L t)V 

BE0 
AVG FLOW RATE EXPANSION TEMPERATURE 
L/HIN BV/HIN % C 

REGEN I RE HEGEN WASTE 10 240 2.43 24.0 .243 42. 28.3 

REGEN 2 RE REGEN SP REGEN 33 800 8.11 24.6 .24Y 42. 

REGEN 3 FR REGEN SP REGEN 153 452 4.58 2.96 .030 5.5 31.5 

DRAIN 1 IVENT) WASTE 3 62 .63 20.7 .209 0.0 

RINSE FEED YASTE 10 150 1.52 15.0 ,152 0.0 

SERVICE FEED PRODUCT lU3 5410 54.8 29.6 .300 0.0 

OHAIN 2 IVENT) WASTE 2 41 .42 20.7 ,209 0.0 

C18-1 

Ion-Exchange - Run 3.13.00 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

6/8/79 

3.13.08 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS) 
Fresh regeneration flow rate (L/min) 
Recycled regenerant flow rate (L/min) 
Recycled regenerant volume (L) 
Service termination point (meq/L Ca++) 3.0 a3.2 

Height = 1081 mm 
volume = 98.7 L 

Chemical Compositions of Tank Waters Prior to Cycle 3.13.08 

Tank 

Recycle regenerant (T-5) 

Spent regenerant (~-6) 

PH Conductivity ‘.Ca++ 

units us/cm meq/L 

- 37 192 70.0 

37 109 68.5 

Lime-softened feed (T-9) 7.4 5 284 8.6 

Lime softened feed (T-10) 7.5 5 139 9.0 

Fresh EO brine (T-28) 4.8 42 970 6.0 

IX product/ED feed (T-33) 7.1 5 675 0.48 

Cycle 3.13.08 Operating Conditions 

Mg++ TH 
m_eq/L meq/L 

71.0 141 .o 

69.5 138.0 

4.8 13.4 

4.6 13.6 

16.8 22.8 

1.4 1.9 
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C18-2 

Fresh Regenerant Volume Balance 

Rug 
Y 

~31.2 ;;o 

03 
04 
05 
06 
07 
08 

PM 

TO: (t ions) 

conductlrlfy e 25 QC 

E. f. (TOS/cond.) 

Sll(c1 

CalCftJll 

ndgncslun 

Scdlc4 

Qotasllm 

strontim 

Bicrrbonrtc 

Carbonate 

Hydraride 

Sulfrtc 

Chlorldc 

T-rlkrl!ntty 1s MO, 

T-acMlty II CICO, 

Lhlll0llS 

rcbtlons 

control rrluc 

Fresh Fresh Estimated 
regenerant regenerant Service ED feed 
volume (V3) TDS volume (Vs) TDS 

L)ate L mg/L L w/L 9 - V3/(1-R)Vs 

6/7/79 451 34 510 5460 3520 91 0.93 
6/7/79 451 34 510 5600 3520 91 0.91 
617 /79 451 34 510 5510 3520 91 0.92 
618 I79 453 34 040 5170 3520 91 0.96 
6/S/79 452 34 040 5550 3520 91 0.90 
6/a/79 452 34 040 5410 3520 91 0.92 

Influent and Effluent Compositions during Cycle 3.13.08 

mg/L 

mg/L 

v/L 

q/L 

w/L 

m9fL 

v/t 

q/L 

WL 

mgll 

V/L 

WL 

W/L 

w?/L 

rep/L 

uegen 1. 2 
influent 

Regen 1 
effluent 

Rlnre, 
i7egen 2 regen 3 service 

effluent n uent Effluent Influent 
Rinse 

effluent 
S.?WlC.E 

effluent 

26 999 19 932 

5.2 4.4 

1260 1620 

947 736 

7290 4470 

46 34 

18 19 

73.2 48.8 

NO NO 

NO NO 

4100 3400 

13 060 9600 

60.0 40.0 

26 397 

5.0 

1650 

945 

6760 

48 

20 

48.8 

NO 

NO 

4200 

12 720 

40.0 

4.8 

33 927 

42 735 

0.79 

4.2 

119 

223 

11 a90 

92 

1.2 

97.6 

NO 

NO 

9600 

11 900 

80.0 

30 788 

4.a 

1300 

735 

a840 

57 

ia 

73.2 

NO 

NO 

6860 

12 900 

60.0 

7.3 5.1 7.2 

3346 32 107 4524 

5193 40 356 6694 

0.64 0.80 0.68 

4.1 4.3 4.2 

171 261 28.4 

59.6 208 39.7 

941 11 090 1509 

a.4 aa 15.1 

1.9 3.5 0.5 

19.5 12.2 19.5 

NO NO NO 

NO NO NO 

960 9040 1740 

llao 11 4w 1168 

16.0 10.0 16.0 

459.2 342.4 44?.1 537.3 508.0 53.60 410.1 69.51 

459.4 337.1 455.8 543.9 411.7 54.62 514.9 70.72 

-0.04 +0.9a -1.23 -0.7s -0.46 -1.09 -0.60 -1.02 
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Cl 8-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MODE 

REGEN 1 
HEGEN 1 
REGEN 2 
REGEN 2 
REGEN 2 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

THROUGHPUT CA 
BV MtiQ/L 

MG 
MEQ/L 

TH 
MEO/L 

NA 
MEQ/L 

EFFLUENT 0.00 38.42 22.22 60.65 94.39 
EFFLUENT 1.22 107.78 79.18 186.96 228.60 
EFFLUENT 2.43 100.80 81.48 182.28 267.51 
INFLUENT 3.93 62.87 77.94 140.62 317.09 
EFFLUENT 6.67 77.84 77.12 154.96 305.79 
EFFLUENT 10.66 70.36 76.30 146.66 311.44 
INFLUENT 10.90 5.94 18.35 24.29 517.18 
EFFLUENT 11.73 71.36 83.46 154.61 336.23 
EFFLUENT 12.62 65.37 70.29 135.66 349.28 
EFFLUENT 13.91 49.90 37.37 87.27 428.01 
EFFLUENT 15.31 64.87 34.07 9b.94 454.55 
EFFLUENT 0.00 10.13 17.70 27.83 511.96 
EFFLUENT .76 16.32 16.05 32.37 461 r07 
EFFLUENT 1.52 3.79 2.93 6.72 171 .Sl 
I NFLUENT 4.22 8.53 4.66 13.40 40.58 
EFFLUENT 14.10 .16 .19 ,35 52.59 
INFLUENT 16.20 8.63 4.86 13.49 39.76 
EFFLUENT 29.67 .ltl .31 .49 52.33 
EFFLUENT 42.25 .61 2.86 3.48 49.72 
EFFLUENT 45.55 .95 3.96 4.93 48.50 
EFFLUENT 51.54 2.10 5.93 8.03 45.06 
INFLUENT 56.33 8.63 4.91 13.54 40.32 
EFFLUENT 56.33 3A. 24 6.72 9.97 43.80 

CYCLE 3.13.08 

Service Performance Summary 

CYCLE 3.13.08 

AVERAGE CONCENTRATIONS, MEQ/L REMOVAL 
INFLUENT EFFLUENT DIFFERENCE % 

CA 8.60 1.04 7.56 
MG 4.88 2.09 2.78 
TH 13.47 3.14 10.34 77 
NA 40.22 64.32 -24.10 

RESIN CAPACITY 
EQ/L 

,414 
.152 
.567 
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NODE 

REGEN 1 

REGEN 2 

REGEN 3 

DRAIN 1 

RINSE 

SERVICE 

DRAIN 2 

INPUT 

RE REGEN 

RE REGEN 

FR REGEN 

(VENT1 

FEED 

FEED 

(VENT) 

c19-1 

Ion-Exchange - Run 3.14.00 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

6/11/79 

3.14.10 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Target Actual 
Fresh regeneration cont. (mg/L TDS) 35 000 32 950 
Fresh regeneration flow rate (L/min) 5.5 5.5 
Recycled regenerant flow rate (L/min) 16.0 16.5 
Recycled regenerant volume (L) 
Service termination point (meq/L Cat+) $ 

800 
3.0 

Height = 1081 mm 
Volume = 98.7 L 

Chemical Compositions of Tank Waters Prior to Cycle 3.14.10 

PH 
Tank units 

Recycle regenerant (T-5) - 

Spent regenerant (T-6) 

Lime-softened feed (T-9) 7.5 

Lime softened feed (T-10) 7.4 

Fresh ED brine (T-28) 6.2 

IX product/ED feed (T-33) 7.3 

Conductivity 
..Ca++ 

d/cm meq/L 

36 287 60.0 

36 467 56.0 

5 610 9.4 

5 319 8.8 

43 140 6.4 

5 636 0.52 

OUTPUT 

UASTE 

sp REGEN 

SP REGEN 

WASTE 

WPSTE 

PROOUCT 

W4STE 

Cycle 3.14.10 Operating Conditions 

DUR4TION THROUGMPUT VOLUME AVG FLDV RATE 
HIN 

A0 240 2.51 24.8 ,251 45. 28.0 

49 792 8.02 16.3 .165 24. 

82 450 4.56 5.47 ,055 8.2 31.9 

3 62 .63 20.7 .209 0.0 

10 140 1.42 14.0 ,142 0.0 

190 5710 57.9 30.1 .304 0.0 

2 41 .42 20.7 l 209 0.0 

L BV L/HIN IV/MIN 

Mg++ TH 
meq/L meq/L 

70.0 130.0 

72.0 128.0 

4.6 14.0 

4.8 13.6 

19.2 25.6 

1.6 2.1 

BED 
EXPANSION TEMPERATURE 

% C 
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c19-2 

Fresh Regenerant Volume Balance 

Run 3.14.00 
Cycle no. Date 

03 

ii: 
z::; 
6/10/79 

i; 6/10/79 
6/10/79 

08 6/10/79 
09 6/11/79 
I10 6/11/79 

Fresh Fresh 
regenerant regenerant 
volume (VJ) TDS 
- w/L 

451 34 040 
451 34 040 
451 34 040 
452 34 040 
452 34 040 
451 34 040 
451 34 560 
450 34 560 

Estimated 
Service ED feed 

volume (Vs) TDS 
L mq/L 

6070 3520 
5250 3520 
5300 3520 
5530 3520 
5680 3520 
5640 3520 
5530 3490 
5710 3490 

& V3/(1-R)Vx 

0.82 
0.94 

91 0.94 
91 0.90 

;: 
0.87 
0.88 

91 0.92 
91 0.89 

Influent and Effluent Compositions during Cycle 3.14.10 

q/L 

mg/L 

w/L 

q/L 

WL 

m9lL 

WL 

q/L 

mg/L 

q/L 

mg/L 

T/L 

neq/L 

MUL 

Iltp/L 

Regen 1. 2 
influent 

26 316 19 160 25 706 

4.6 5.0 4.4 

1150 1610 1560 

765 654 806 

7260 1460 6710 

46 31 42 

27 27 30 

73.2 73.2 73.2 

ND NO NO 

NO NO NO 

4200 3200 4200 

12 a00 9100 12 260 

60.0 60.0 60.0 

ND NO NO 

6.2 

32 950 

43 388 

0.76 

4.5 

120 

198 

11 680 

94 

~.a 

51.2 

NO 

NO 

8400 

I2 WI 

42.0 

NO 

4.6 

1300 

591 

a740 

51 

2a 

73.2 

NO 

ND 

6200 

12 a00 

60.0 

NO 

Rinse. 
service 
influent 

7.3 

3331 

4879 

0.66 

3.7 

I75 

52.1 

930 

a.3 

2.8 

19.5 

NO 

NO 

960 

ilao 

16.0 

ND 

Rinse Service 
effluent effluent 

6.4 7.2 

29 918 3979 

39 32a 6385 

0.76 0.62 

4.1 3.9 

270 23.0 

162 37.6 

10 3w 1309 

a4 13.7 

6.0 0.a 

11.7 21.0 

NO NO 

NO NO 

a200 1388 

IO 900 1182 

26.0 17.2 

NO NO 

449.0 324.6 434.5 525.6 491.4 53.60 478.8 62.60 

438.8 329.6 438.8 532.a 495.6 53.75 478.8 61.55 

r1.55 -0.97 -0.62 -0.67 -0.51 -0.15 0.0 4.97 

Regen 1 
effluent 

Regen 2 
effluent 

Regen 3 
Tnfluent Effluent -- 

29 7aa 
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c19-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MODE 

REGEN 1 
REGEN 1 
REGEN 2 
REGEN 2 
REGEN 2 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

THROUGHPUT 
8V 

CA 
MEWL 

MG 
MEQ/L 

TH 
MEQ/L 

NA 
MEQ/L 

EFFLUENT 0.00 40.42 20.16 60.58 98.30 
EFFLUENT 1.26 99.80 68.40 168.20 221.84 
EFFLUENT 2.51 96.81 70.70 167.51 265.77 
INFLUENT 4.00 57.39 62.96 120.35 316.66 
EFFLUENT 6.48 73.35 62.96 136.32 303.61 
EFFLUENT 10.60 63.87 62.88 126.75 316.22 
INFLUENT 11.05 5.99 16.30 22.28 508.05 
EFFLUENT 11.77 72.36 69.14 141.49 362.33 
EFFLUENT 12.93 54.89 52.35 107.24 401.91 
EFFLUENT 14.04 48.40 28.48 76.88 433.23 
EFFLUENT 15.15 73.35 30.29 103.64 452.81 
EFFLUENT 0.00 12.92 16.13 29.06 493.69 
EFFLUENT .71 13.72 13.50 27.22 414.96 
EFFLUENT 1.42 .63 1.09 1.73 112.66 
INFLUENT 4.16 8.78 3.67 12.65 39.28 
EFFLUENT 15.42 .15 .17 .33 52.15 
I NFLUENT 27.00 8.73 3.95 12.68 40.19 
EFFLUENT 29.43 .16 .21 r37 52.59 
EFFLUENT 43.44 .39 1.89 2.28 49.46 
EFFLUENT 50.44 1.14 4.36 5.52 46.50 
EFFLUENT 57.44 2.69 6.01 8.70 43.54 
I NFLUENT 59.27 8.78 3.97 12.75 40.15 
EFFLUENT 59.27 2.99 6.16 9.15 42.98 

CYCLE 3.14.10 

Service Performance Summary 

CYCLE 3.14.10 

AVERAGE CONCENTRATIONS, MEQ/L REMOVAL 
INFLUENT EFFLUENT DIFFERENCE 96 

8.77 061 8.15 93 
3.93 1.66 2.27 58 

TH 12.69 2.27 10.42 82 
NA 39.87 57.61 -17.73 

RESIN CAPACITY 
EQ/L 

,472 
,131 
.603 
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FIGURE A- a 

MR.JaR CFIT! ON CaNCENTRW I aNS 
OF IX RECENERAT I ON EFFLUENT 
CYCLE 3, vi. !a 

0 Calcium Avg. influent 

0 Magnesium 
concentrations, meq/L 

ATotal hardness Ca++ "y-pz !!!%!-A 

OSodium Mg++ 63:0 
5.99 

16.3 
TH, 120 22.3 
Na 317 508 

1 
s/b 

FIGlJRE A- b 

MfbJaR CflT I ON CONCENTRRT I aNS OF 
IX RINSE FIND SFRVICE EFFLUENTS 
CYCLE 3.1’4.10 

a Calcium Avg. influent 
,415 0 Magnesium concentrations, meq/LI 

p7.2 A Total hardness 

~$g.g 0 Sodium 

Ca++ 
b++ 

8.77 
3.93 

TH+ 12.7 
Ma 39.9 

C, 

R Rinse 

Service 

SODIUM INAl,.CALCIUM.IC%. AND MAGNESlUM LMGl CONCENTRRTXJNS ARE MERSUREII BY ATOMIC ABSORPTION. 
[OTRL.H8RDNFSS ITH'1 IS CRiCULRTED.BY SUMMING THE CALCIUM RN0 MRGNESIUM CONCENTRATIONS. 



MODE INPUT OUTPUT 

REGEN 1 RE REGLN WASTE 

dEGEN 2 RE REGEN SP REGEN 

REGEN 3 FR REGEN SP REGEN 

DRAIN 1 (VENT) WASTE 

RINSE FEED WASTE 

SERVICE FEED PRODUCT 

ORAIN 2 (VENT) WASTE 

c20-1 

Ion-Exchange - Run 3.15.00 

Date: 

Cycle: 

conditions: 

Control variables: 

Standard resin bed: 

6/13/79 

3.15.08 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Fresh reqeneration cont. (mq/L TDS) 
Actual Target 

35 000 33 670 
Fresh regeneration flow t-ate (L/min) 8.0 5;9 
Recycled regenerant flow rate (L/min) 8.0 8.1 
Recycled regenerant volume (L) 
Service termination point (meq/L Cat+) $ 

800 
3.2 

Height = 1081 w 
Volume = 98.7 L 

Chemical Compositions of Tank Waters Prior to Cycle 3.15.08 

PH Conductivity Cat+ Mg++ TH 
Tank units us/cm meq/L meq/L mea/L 

Recycle regenerant (T-5) - 36 181 59.0 67.0 126.0 

Spent regenerant (~-6) 36 606 60.0 64.0 124.0 

Lime-softened feed (T-9) 7.3 5 342 9.6 4.0 13.6 

Lime softened feed (T-10) 7.7 5 225 9.6 3.6 13.2 

Fresh ED brine (T-28) 6.2 44 274 6.4 18.8 25.2 

IX product/ED feed (T-33) 7.2 5 616 0.64 1.6 2.2 

Cycle 3.15.08 Operating Conditions 

BED 
DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPANSION TEHPLRATURE 

t3V L/HIN BV/HIN $ C MIN L 

10 248 

98 192 

51 451 

3 62 

10 150 

193 5910 

2 41 

2.51 24.8 0251 42. 32.0 

8.02 8.06 .082 9.0 

4.57 7.93 .oao 11. 35.8 

.63 20.7 .209 0.0 

1.52 15.0 .152 0.0 

59.9 30.6 a310 0.0 

.42 20.7 .209 0.0 
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czo-2 

Fresh Regenerant Volume Balance 

Fresh Fresh Estimated 

Run 3.15.00 
regenerant regenerant Service 
volume (V3) 

ED feed 
TDS 

Cycle no. J?& 
volume (V,) TDS 

L m/L L w/L 2 Vs/(l-R)V> 

:: 
6/l 2/79 452 35 710 5930 3270 0.97 
6/12/79 452 35 710 5880 3270 

:2 

9’: 
6/12/79 

0.97 
451 35 710 5710 3270 

6/12/79 ;; 
1.00 

452 35 710 5910 3270 
07 6/13/79 

0.97 
451 35 820 5830 3480 

08 
91 

6/13/79 
0.91 

451 35 820 5910 3480 91 0.90 

Influent and Effluent Compositions during Cycle 3.15.08 

n.glL 

rig/L 

WL 

V/L 

niglL 

q/L 

aq/L 

V/L 

WL 

WL 

m9/L 

V/L 

nlg/L 

WA/L 

MWL 

NCg/L 

ibqen 1. 2 
influent 

neqen 1 
effluent 

26 329 la 861 

5.0 5.0 

1100 1720 

750 557 

7480 4330 

46 30 

27 30 

73.2 40.8 

NO NO 

NO NO 

4100 3200 

12 740 a940 

60.0 40.0 

NO NO 

446.0 319.7 

444.4 321.4 

+0.22 -0.36 

Reqen 2 
effluent 

26 067 

4.6 

1580 

745 

6970 

49 

30 

48.8 

NO 

ND 

4300 

12 340 

40.0 

NO 

438.5 

445.3 

-0.98 

182 

l7eqen 3 
Influent Effluent 

6.3 

33 670 

44 373 

0.76 

4.6 

122 

213 

11 760 

99 

2.0 

29.3 

ND 

ND 

9lM1 

12 340 

24.0 

ND 

538.1 

537.1 

*a.05 

31 481 

4.a 

1250 

600 

9400 

59 

29 

58.6 

ND 

ND 

6700 

13 380 

48.0 

ND 

518.0 
8 
522.8 

-0.59 

RlKX. 
service 
influent 

7.2 

3238 

5338 

0.61 

3.3 

ia8 

43.0 

904 

a.6 

2.9 

14.6 

ND 

ND 

920 

1154 

12.0 

WD 

Rinse service 
elf effluent 

6.4 7.1 

31 286 34za 

40 416 5692 

0.77 0.60 

4.3 3.3 

312 24.2 

212 32.3 

10 690 1171 

91 12.1 

7.4 0.7 

29.3 14.6 

ND ND 

NO NO 

9100 IWO 

10 a40 1170 

24.0 12.0 

ND ND 

51.95 495.8 54.m 

52.53 500.5 55.13 

-0.63 -0.60 -1.11 



CZO-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MODE 

REGEN 1 
REGEN 1 
REGEN 2 
REGEN 2 
REGEN 2 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

THROUGHPUT CA 
BV MEG/L 

MG 
MEQ/L 

TH 
MEQ/L 

NA 
MEQ/L 

EFFLUENT 0.00 26.95 10.12 37.07 71.77 
EFFLUENT 1.26 126.25 64.77 191.02 224.88 
EFFLUENT 2.51 103.79 63.21 167.00 275.34 
INFLUENT 3.17 54.09 62.39 117.28 325.36 
EFFLUENT 6.59 72.36 59.75 132.11 314.92 
EFFLUENT 10.51 59.88 59.34 119.22 321.44 
INFLUENT 11.16 6.09 17.53 23.62 511.53 
EFFLUENT 11.64 61.38 73.91 135.29 414.09 
EFFLUENT 12.76 68.86 69.88 138.74 385.82 
EFFLUENT 13.89 47.41 32.5Y 80.00 450.63 
EFFLUENT 15.09 80.84 33.33 114.17 452.81 
EFFLUENT 0.00 15.47 18.77 34.23 506.74 
EFFLUENT .76 16.42 16.05 32.47 426.71 
EFFLUENT 1.52 .43 .54 .98 80.47 
I NFLUENT 4.31 8.911 3.43 12.41 39.19 
EFFLUENT 16.10 .17 .20 .37 51.89 
I NFLUENT 29.13 9.08 3.42 12.51 39.19 
EFFLUENT 30.68 .18 .26 .43 51.07 
EFFLUENT 45.27 .50 2.16 2.66 49.59 
EFFLUENT 52.40 1.29 4.32 5.61 47.19 
EFFLUENT 59.85 2.79 5.57 8.37 43.85 
I NFLUENT 61.40 9.23 3.44 12.67 39.71 
EFFLUENT 61.40 3.24 5.76 9.00 43.50 

CYCLE 3.15.08 

Service Performance Summary 

CYCLE 3.15.08 

AVERAGE CONCENTRATIONSI MEG/L REMOVAL 
INFLUENT EFFLUENT DIFFERENCE 9 

CA 9.10 r64 8.46 93 
MG 3.43 1.59 1.85 54 
TH 12.53 2.22 10.31 82 
NA 39.36 53.47 -14.10 

RESIN CAPACITY 
EQ/L 

.507 
,110 
.617 
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FIGURE A- a 

MWOR CAT I ON CCINCENTRQT IONS 
OF IX REGENERRT I ON EFFLUENT 
CYCL.E 3.15.0;3 

0 Calcium Avg. influent 
0 Magnesium 
A Total hardness 

0 Sodium 

concentrations, meq/L -- 
Cat+ Reg 1,2 Req 3 

Mq++ 
54.9 -6.09 
62.4 17.5 

TH 
Na+ 

117 23.6 
325 512 

.’ 
BED !OLUMES 

FIGURE A- b 

MFlJOR CFlTION CONCENTRFITIONS OF 
IX RINSE RN0 SERVICE EFFL.UENTS 
CYCL.E 3. IS.08 

Avg. influent 
concentrations, meqj 

32.5 A Total hardness Cat+ 
0++ 

9.10 
3.43 

THt 12.5 
Na 39.4 

Service 

SODIIJM.INA). CfUCIUM ICI%, AND MflGNESIUM [MGI CBNCENTRATIONS.ARE MEASURED BY ATOMIC ABSORPTICIN. 
'IOTRL HRRDNESS i'TH~ .IS CALCULATED BY SUMMING THE CALCIUM RND MRGNESIUM CONCENTRRTIONS, 



c21--1 

Ion-Exchange - Run 3.16.00 

MODE INPUT 

REGEN 1 

REGEN 2 

REGEN 3 

DRAIN 1 

RINSE 

SERVICE 

DRAIN 2 

RE REGEN YASTE 10 249 2.52 21.9 ,252 42. 30.9 

RE REGEN SP REGEN 33 191 8.01 24.3 .2A? 36. 

FR REGEN SP REGEN 56 451 4.57 8.01 .OBl 11. 33.5 

(VENT) w4STE 3 62 .b3 20.7 ,209 o*o 

FEED Y4STE 10 150 1.52 15.0 .I52 0.0 

FEED PRODUCT 193 5830 59.1 30.2 .30b 0.0 

(VENT1 WASTE 2 41 .42 20.7 .209 0.0 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

6/15/79 

3.16.06 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS) 
Target Actual 
35 000 36 070 

Fresh regeneration flow rate (L/min) 8.0 8.0 
Recycled regenerant flow rate (L/min) 24.0 24.6 
Recycled regenerant volume (L) 800 800 
Service termination point (meq/L Ca++) 3.0 -3.1 

Height = 1081 nmn 
Volume = 98.7 L 

Chemical Compositions of Tank Waters Prior to Cycle 3. 16.06 

PH Conductivity -Ca++ Mg++ TH 
Tank units us/cm meq/L meq/L meq/L 

Recycle regenerant (T-5) - 32 246 50.0 54.0 104.0 

Spent regenerant (~-6) - 35 814 57.0 65.0 122.0 

Lime-softened feed (T-9) 7.3 5 220 9.6 4.4 14.0 

Lime softened feed (T-10) 7.4 5 186 9.6 4.8 14.4 

Fresh ED brine (T-28) 4.9 43 037 6.4 18.4 24.8 

IX product/ED feed (T-33) 7.2 5 620 0.64 2.0 2.6 

Cycle 3.16.06 Operating Conditions 

BED 
DURATION THROUGtiPUT VOLUME AVG FLOU RATE EXPANSION TEMPERATURE 

OUTPUT MIN L BV L/HIN t’V/MIN s C 
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CZl-2 

Fresh Regenerant Volume Balance 

Fresh Fresh Estimated 

Ru; 
regenerant regenerant Service ED feed 

Y 
cft; 1:; oo volume (Vj) TDS 

Date 
volume (Vs) TDS R 

L m/L L w/L -%- V3/(1-R)V> 

03 6/14/79 450 35 700 6270 

il i:;:::; 

3440 
451 

92 
35 700 

0.85 
5860 3440 

451 
92 

35 700 
0.92 

5770 
06 6/15/79 

3440 
451 

92 
35 510 

0.93 
5830 3480 91 0.90 

Influent and Effluent Compositions during Cycle 3.16.06 

u 
Regen I. 2 

influent 

Nil/L 5.4 

WY/L 1060 

mg/L 663 

mg/L 7190 

K?/L 46 

mg/L 19 

mg/L 58.6 

my/L no 

mglL NO 

mg/L 4520 

w/L I1 760 

m9lL 48.0 

mq/L NO 

-l/L 426.9 

w/L 421.8 

@W/L *0.75 

Ftegen 1 
effluent 

ltegen 2 
effluent 

Regeli 3 
lnfluent Effl uent 

18 076 24 632 

5.6 

1570 

541 

4190 

29 

22 

50.6 

NO 

NO 

3400 

8260 

48.0 

NO 

5.2 

1540 

679 

6550 

42 

23 

73.2 

NO 

NO 

4200 

II 520 

60.0 

NO 

5.6 

36 067 

45 262 

0.80 

4.1 

39.9 

213 

12 670 

103 

1.7 

15.6 

NO 

ND 

IO 100 

I2 920 

12.8 

NO 

31 760 

4.4 

1580 

631 

9030 

55 

26 

73.2 

NO 

NO 

6600 

I3 760 

60.0 

NO 

Rinse. 
service 
influent 

7.1 

3211 

5214 

0.62 

3.6 

I84 

42.6 

896 

a.2 

2.3 

la.5 

NO 

NO 

940 

III6 

15.2 

NO 

Rinse service 
effluent cf 

5.9 7.0 

31 273 3786 

40 416 5968 

0.77 0.63 

4.3 3.6 

328 24.6 

200 31.1 

10 770 1269 

a7 13.3 

6.1 0.1 

17.1 la.5 

NO NO 

NO NO 

8800 1260 

11 060 1166 

14.0 15.2 

NO NO 

304.8 413.7 575.1 526.8 51.37 495.6 59.44 

306.3 419.2 572.0 525.6 51.92 503.7 59.35 

-0.32 -0.85 +0.34 u3.12 -0.62 -1.04 l 0.09 
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C21-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MOUE 
PROCESS 
STREAM ‘bV MEQ/L 

MG 
MEU/L 

HEGEN 1 EFFLUENT 0.00 23.65 11.60 
REGEN 1 EFFLUENT 1.26 100.28 s9.42 
REGEN 2 EFFLUENT 2.52 LtY.bl SY. 16 
HEGEN 2 INFLUENT 4.00 52.69 54.57 
HEGEN 2 EFFLUENT b.22 bY.&b 54.57 
REGEN 3 EFFLUENT 10.66 bU.dd 53.50 
REGtN 3 INFLUENT 11.07 l.YY 17,SJ 
REGEN 3 EFFLUENT 11.47 8U.34 74.81 
HEGEN 3 EFFLUENT 12.36 74,&S 55,Ob 
kEGEN 3 EFFLUENT 13.26 bb.37 43.79 
REGEN 3 kFFLUENT lS.iilr 105.79 36.36 
RINSE EFFLUENT 0.00 lb.97 18.27 
RINSE EFFLUENT .7b lb.12 14.lb 

SERVICE EFFLUENT 1.52 .b3 1.07 
SERVICE INFLUEIJT 4.27 Y.48 ..i.Sl 
SERVICE EFFLUENT 16.21 .lY .lY 
SERVICE INFLUENT 23.25 9.46 3.57 
SEHV ICE EFFLUtiNT 30.59 .21 .23 
SERV ICti EFFLUENT 45.29 .4 7 1.61 
SERVICE EFFLUtNT 52.32 1.16 4.35 
SERVICE tFFLUElvT 59.67 Z.bY 5.47 
SERVICE I NFLUiiNT 60.59 9.56 3.sa 
SEHv ICE EFFLUE~JT bO.5Y 3.09 5.52 

CYCLE 3.16.06 

THROUGHPUT CA 

Service Perofrmance Summary 

CYCLE 3.16.06 

AVERAGE CONCENTHATIONS~ MEQ/L REMOVAL 
IhFLUENT EFFLUEhT UIFF~R~NCE % 

CA 9.51 .66 u.d6 93 
MG 3.55 1.52 2.03 57 
TH 13.07 2.18 10.68 ti3 
NA 40.16 59.55 -19.33 

TH NA 
Mhd/L MEQ/L 

35.26 77.86 
167.71 206.61 
154.99 260.11 
107.46 312.74 
124.43 283.60 
114.3b 288 .d2 

19.52 551.11 
155.15 367.12 
129.Yl 404.52 
110.15 429.75 
142.17 493.26 

35.24 521.10 
50.27 427.58 

l.YO 119.18 
12,YY 3Y.63 

.38 52.50 
13.05 40.28 

.44 53.28 
2.26 SO.76 
5.54 47.93 
a.36 45.37 

13.16 40.58 
b.bk 44.YB 

RESIN CAPACITY 
EQ/L 

.523 

.120 

.b43 
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FIGURE A- a FIGURE A- b 

M9JOR CRTION CONCENTRRTIONS MRJOR CDTION CONCENTRRTIONS OF 
OF IX RECENERFiTION EFFLUENT IX RINSE RN0 SERVICE EFFLUENTS 
CYCLE 3.16.012 CYCLE 3.16.06 

nCalcium 
~Magnesium 
ATotal hardness 
OSodium 

Avg. influent 
concentrations w/L , 

Regl,Z Red3 __~ 
Cal', 52.9 1.99 
&I 54.6 17.5 
T”+ 107 19.5 
Na 

VReg It Reg 2 t Reg 3 -1 

OO 
I I I 

4 
BED VBOLUMES 

c-----l 16 

521 

35. 
18. 
17. 

cv 
-l- 

‘a 
cz 
b- 

9 

, 428 0 Calcium Avq. influent 
0 Magnesium concentrations, meq/L 

I 30.3 ATotal hardness Cat+ 9.51 
I ,6 1 ~Sodium 

14:2 
Mq++ 3.55 
T”t 13.1 
Na. 4cl.2 

16 32 '48 Grl - 
BED VOLUMES 

SODIUM INAl, CRLCIUH ICRI, AND MRGNESWM IHGI CONCENTRATIONS ARE MERSURED BY FITOMIC fiBSORPTION. 
JOTflL HARDNESS ITHI IS CALCIJLRTED BY SUMMING THE CflLCTUM AND MflGNESIUM CONCENTRATIONS. 



c22-1 

MODE 

REGEN 1 

REGEN 2 

REGEN 3 

DRAIN 1 

RINSE 

SERVICE 

DRAIN 2 

Ion-Exchange - Run 3.17.00 
Date: 6/18/79 

Cycle: 3.17.08 

Conditions: Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Control variables: 
Actual Target 

Fresh regeneration cont. (mg/L TDS) 
Fresh regeneration flow rate (L/min) . :050°0 i05160 . 
Recycled-regenerant flow rate (L/min) 16.0 17.2 
Recycled regenerant volume (L) 
Service termination point (meq/L Ca++) :6!" 

1600 
'4.4 

Standard resin bed: Height = 1081 rmn 
Volume = 98.7 I. 

Chemical Compositions of Tank Waters Prior to Cycle 3.17.08 

PH Conductivity e.Ca++ Mg++ TH 
Tank units d/cm meq/L meq/L meq/L 

Recycle regenerant (T-5) - 26 448 44.0 30.0 74.0 

Spent regenerant (~-6) - 25 950 44.0 30.0 74.0 

Lime-softened feed (T-9) 7.2 5 234 a.8 4.0 12.8 

Lime softened feed (T-10) 7.5 5 191 a.8 4.4 13.2 

Fresh ED brine (T-28) 6.2 26 919 6.4 11.6 la.0 
IX product/ED feed (T-33) 7.2 5 675 0.8 2.0 2.8 

Cycle 3.17.08 Operating Conditions 

BED 
DURATION TMROUGHPUT VOLUME AVG FLOW RATE EXPANSION TEMPERATURE 

INPUT OUTPUT -HIN 

RE REGEN WASTE 10 

RE REGEN 5P REGEN 92 

FH RCGEN SP REGEN I02 

(VENT1 WASTE 3 

PEED YASTE 10 

FEED PRODUCT 231 

(VENT) WASTE 2 

L BV 

245 2.40 24.5 .240 46. 25.8 

I595 lb.2 17.3 ,175 25.0 

1000 10.13 5.49 *OS6 5.6 20.4 

62 .b3 20.7 .209 0.0 

150 1.52 15.0 .152 0.0 

6920 70.1 30.0 ,304 0.0 

41 .42 20.7 ,209 0.0 

L/MIN BV/HIN 96 C 
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c22-2 

Fresh Regenerant Volume Balance 

Fresh Fresh Estimated 
regenerant regenerant Service ED feed 

Run 3.17.00 volume (V3) TDS volume (Vs) TDS 
Cycle no. Date L w/L L mg/L L V3/(1-R)VZ. 

03 6/16/79 1000 19 520 7130 3300 05 0.95 

04 6/16/79 1000 19 520 6310 3300 a5 1.07 

05 6117179 1000 19 520 6330 3300 85 1.07 

06 6/17/79 1000 19 520 6320 3300 as 1.07 

07 6/18/79 1000 19 520 6830 3300 a5 0.99 

08 6/18/79 1000 19 520 6920 3300 a5 0.98 

Influent and Effluent Compositions during Cycle 3.17.08 

Rcgen I. 2 
G influent 

WL 4.4 

n,glL a50 

WL 365 

IliJlL 5600 

n1gii 16.0 

l,i]/ L 13 

11'3fL 70.1 

W/L ND 

v/L NO 

iW/L 4300 

W/L 7940 

rig/L 64.0 

ml/L ND 

mu. J14.U 

lnrQ/L 117.3 

"ml/L -0.49 

rlegen I 
effluent 

negen 2 
effluent 

Reqen 1 
lnfluent muent 

I5 239 19 698 

4.8 4.4 

1210 II40 

421 420 

3570 5410 

24 34 

16 I6 

73.2 73.2 

NO ND 

ND ND 

4000 4600 

5920 a000 

60.0 60.0 

NO NO 

6.2 

20 159 

26 I33 

0.77 

4.1 

I15 

I30 

7000 

59.0 

1.3 

19.5 

NO 

ND 

5680 

7150 

16.0 

ND 

20 593 

4.6 

a50 

237 

6340 

36 

12 

73.2 

ND 

ND 

5100 

1940 

60.0 

NO 

Rinse. 
IervICe 
Influent 

7.2 

3302 

5190 

0.64 

3.9 

165 

50.3 

952 

a.2 

2.3 

20.5 

ND 

NO 

960 

1140 

16.8 

NO 

Rinse 5erv1ce 
effluent effluent 

6.3 7.2 

I8 259 :4oa 

24 600 5408 

0.74 0.63 

4.0 3.5 

129 25.8 

102 32.7 

6400 1151 

52.3 II.6 

2.0 0.2 

19.5 19.5 

ND ND 

NO ND 

5050 1010 

6500 1154 

16.0 16.0 

NO NO 

L$i .> JLL.7 JL". J 3JI.4 5f.W Luu.Y >J.YI 

251.5 32a.o 322.5 3x3.9 54.05 294.6 54.35 

0.0 -1.03 -0.42 -1.42 .1.68 -1.25 -0.46 
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C22-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MODE 

REGEN 1 
REGEN 1 
REGEN 2 
REGEN 2 
REGEN 2 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

THROUGHPUT CA 
BV MEQ/L 

MG 
MEQ/L 

TH 
MEQ/L 

NA 
MEQ/L 

EFFLUENT 0.00 27.94 15.14 43.09 75.69 
EFFLUENT 1.24 78.34 46.01 124.35 153.98 
EFFLUENT 2.48 78.84 44.03 122.88 191.39 
I NFLUENT 4.94 42.42 30.04 72.46 243.58 
EFFLUENT 11.07 46.91 31.19 78.10 236.19 
EFFLUENT 18.61 43.41 30.29 73.70 240.54 
INFLUENT 20.56 5.74 10.70 16.44 304.48 
EFFLUENT 21.11 42.42 26.67 69.08 247.93 
EFFLUENT 23.62 36.93 16.46 53.39 258.81 
EFFLUENT 26.12 31.94 11.36 43.29 270.99 
EFFLUENT 28.74 51.90 16.95 68.85 302.31 
EFFLUENT 0.00 7.39 10.45 17.84 305.79 
EFFLUENT .76 5.19 6.30 11 r49 242.71 
EFFLUENT 1.52 l 2s .35 r61 74.38 
I NFLUENT 4.25 8.23 4.22 12.46 40.02 
EFFLUENT 17.30 .23 .30 r53 52.33 
INF LUENT 31.57 8.18 4.26 12.44 40.28 
EFFLUENT 33.09 .26 .46 .72 53.28 
EFFLUENT 48.67 .90 3.56 4.45 49.93 
EFFLUENT 56.76 1.93 5.46 7.38 46.93 
I NFLUENT 71.63 8.33 4.25 12.58 42.06 
EFFLUENT 71.63 4.44 6.30 10.74 43.63 

CYCLE 3.17.08 

Service Performance Summary 

CYCLE 3.17.08 

AVERAGE CONCENTRATIONS9 MEQ/L REMOVAL 
INFLUENT EFFLUENT DIFFERENCE % 

CA 8.25 1.07 7.18 87 
MG 4.24 2.36 1.88 44 
TH 12.49 3.44 9.05 72 
NA 40.79 52.82 -12.04 

RESIN CAPACITY 
EQ/L 

,503 
.132 
.635 
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FIGURE A- a 

MFIJOR CA-TION CONCENTRATIONS 
OF IX REGE:NERftT I ON EFFLUENT 
CYCLE 3.17.118 

FIGURE A- b 

MRJOR CflTION CONCENTRATIONS OF 
IX RINSE RND SERVICE EFFLUENTS 
CYCLE 3.17.08 
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ATotal hardness Ca++ 
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SODIUM LNfll, CALCIUM ICAl, AND MAGNESIUM IMGI CONCENTRRTIONS ARE MERSURED BY ATOMIC fIBSORPTION. 
ICTRL HARDNESS ITHI IS CRLCULRTED BY SUMMING THE CRLCIUM RND MRGNESIUM CONCENTRflTIBNS. 



C23-1 

Ion-Exchange - Run 3.18.00 

Date: b/21/79 

Cycle: 3.18.09 

Conditions: Feedwater - Nellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Control variables: Fresh regeneration cont. (mg/L TDS) 
21;'o",",' Actual 

Fresh regeneration flow rate (L/min) 
19 980 

Recycled regenerant flow rate (L/min) 
5.5 5.4 

Recycled regenerant volume (L) 
None None 

Service termination point (meq/L Ca++) i"i' 
None 
4.2 

Standard resin bed: Height = 1081 mm 
volume = 98.7 L 

Chemical Compositions of Tank Waters Prior to Cycle 3.18.00 

++ 
PH Conductivity Cat+ Mg TH 

Tank units US/cm meq/L meq/L meq/C 

Recycle regenerant (i-5) - 22 481 35.0 27.0 62.0 

Spent regenerant U-6) 25 367 44.0 26.0 70.0 

Lime-softened feed (T-9) 7.1 5 335 8.0 4.4 12.4 

Lime softened feed (T-10) 7.5 5 253 9.6 2.8 12.4 

Fresh ED brine (T-28) 6.5 26 716 6.8 15.6 22.4 

IX product/ED feed (T-33) 7.0 5 760 

Cycle 3.18.09 Operating ConcJjtions 

MODE INPUT 
DURATION THROUGHPUT VOLUME AVG FLOW RATE 

OUTPUT HIN L BV L/MIN C)V/HIN 

REGEN I RE REGEN WASTE 10 248 2.51 24.0 ,251 44. 

REGEN 3 FR REGEN SP REGEN 182 979 9.92 5.38 .054 6.4 

DRAIN 1 (VENT) WASTE 3 62 .63 20.7 .209 0.0 

RINSE FEED WASTE 10 160 1.62 16.0 .162 0.0 

SERVICE FEED PRODUCT 213 6410 64.9 30.1 .305 0.0 

DRAIN 2 (VENT) WASTE 2 41 .42 20.7 .209 0.0 

EIED 
EXPANSION TEMPERATURE 

!a C 

26.4 

27.8 
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C23-2 

Fresh Regenerant Volume Balance 

Fresh Fresh Estimated 
regenerant regenerant Service ED feed 

Run 3.18.00 volume (113) TOS volume (Vs) TDS 
Cycle no. Date L mg/L L mg/L i - V3/(1-R)Vs 

03 6/l 9/79 852 19 860 6780 3300 85 0.86 

04 6/19/79 852 19 860 6780 3300 85 0.86 

05 6/19/79 852 19 860 6650 3300 85 0.88 

06 6/20/79 1000 19 570 7010 3300 85 0.96 

07 6/20/79 1021 19 570 7350 3300 85 0.94 

08 6/20/79 1000 19 570 6360 3300 85 1.06 

09 6/21/79 979 6410 3300 

Influent and Effluent Compositions during Cycle 3.18.09 

PII 

10s (z ions) 

Conductivity ! 25 OC 

E. F. (lDS/cond.) 

Silica 

Calcium 

llagnerium 

Sodium 

POtJlSl"l!l 

SlrOlltl"nl 

Cicarbonate 

Cdrbonate 

llydrorlde 

Sulfate 

Chloride 

T-alkalinity as CaCO, 

P-alkalinity 4s CaCOl 

L Anjon, 

c Cations 

Control value 

W/L 

mg/L 

my/L 

m9lL 

mgiL 

nig/L 

mg/L 

mg/L 

mg/L 

q/L 

mg/L 

mg/L 

sg/L 

w/L 

meq/L 

Wg/L 

Regen 1 
Influent E ffluent 

16 705 12 307 20 201 

3.6 5.0 

690 1020 

316 314 

4800 2870 

30 21 

17 la 

48.8 58.6 

NO ND 

ND ND 

4200 3000 

6600 5000 

40.0 48.0 

NO NO 

6.4 

19 981 

27 436 

0.73 

4.1 

128 

199 

6850 

63 

1 .a 

35.1 

NO 

ND 

5500 

7200 

28.8 

NO 

5.0 

1190 

319 

5660 

32 

22 

73.2 

NO 

ND 

5000 

7900 

60.0 

NO 

Rinse. 
rervl‘e 
influent 

7.4 

3421 

5431 

0.63 

4.2 

166 

53.3 

983 

a.5 

2.7 

19.5 

NO 

ND 

990 

1194 

16.0 

NO 

Rinse service 
effluent effluent 

6.6 7.3 

18 154 3533 

25 037 5603 

0.73 0.63 

4.5 4.3 

136 39.1 

149 45.2 

6220 1179 

59 12.7 

2.3 0.7 

33.2 22.0 

NO NO 

NO NO 

5100 1030 

6450 1200 

27.2 la.0 

ND NO 

274.5 204.5 318.3 328.2 54.62 288.7 55.67 

270.4 202.5 322.4 331.2 55.70 291 .z 57.28 

+0.94 to.60 -0.82 -0.95 -1.14 -0.54 -1.68 

Regen 3 
Influent Effluent - __ 
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C23-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

CYCLE 3.18.09 

MODE 

REGEN 1 
REGEN 1 
REGEN 1 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

EFFLUENT 0.00 17.27 8.31 25.S8 60.90 
INFLUENT .75 34.43 26.01 60,44 208.79 
EFFLUENT 1.26 68.36 36.46 104.82 140.50 
EFFLUENT 2.51 66.87 34.90 101.76 162.68 
I NFLUENT 3.33 6.39 16.38 22.77 297.96 
EFFLUENT 4.04 77.84 39.01 116.86 204.44 
EFFLUENT 6.49 54.89 22.96 77.85 241.84 
EFFLUENT 8.94 39.42 14.98 54.40 2b9.25 
EFFLUENT 12.43 64.87 22.47 87.34 347.11 
EFFLUENT 0.00 8.28 15.64 23.92 257.96 
EFFLUENT .61 5.84 9.47 15.30 238.36 
EFFLUENT 1.62 .29 .55 .84 63.51 
INFLUENT 4.37 8.53 4.12 12.65 41.93 
EFFLUENT 19.31 .25 .44 .70 53.98 
INFLUENT 34.86 b.08 4.42 12.50 41.15 
EFFLUENT 36.99 .48 1.93 2.41 52.50 
EFFLUENT 54.67 2.44 6.09 8.53 46.11 
EFFLUENT 62.91 3.79 6.55 10.34 44.85 
I NFLUENT 66.57 8.13 4.44 12.58 41.93 
EFFLUENT 66.57 4.24 6.54 10.78 43.89 

THROUGHPUT CA 
HV MEQ/L 

MG 
MEQ/L 

TH 
MtQ/L 

NA 
MEQ/L 

Service Performance Summary 

CYCLE 3.18.09 

AVERAGt CONCENTRATIONS, MEU/L REMOVAL RLSIN CAPACITY 

INFLUENT EFFLUENT DIFFEHENCE % EQ/L 

CA 8.25 1.19 7.06 86 .458 
MG 4.33 2.72 1.60 37 ,104 
TH 12.58 3.91 tt.66 69 .563 
NA 41.67 S2.18 -10.51 
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FIGURE A- a 

MflJOR CFlTION CONCENTRRTIONS 
OF IX REGENERQTION EFFLUENT 
CYCLE 3.!8.09 

0 Calcium Avg. influent 

0 Magnesium 
A Total hardness 

0 Sodium 

concentrations, meq/L 

Ca++ 34.4 
Reg k!& 

Elg++ 26.0 16:4 
TH, 60.4 22.8 
Na+ 209 298 

!=!GURE Ar b 
MRJOR CFITION CONCENTRRTIONS OF 
IX RINSE RND SERVICE EFFLUENTS 
CYCLE 3.18.09 

Avg. influent 
concentrations, meq/L 

A Total hardness 
++ 

g++ 
8.25 
4.33 

T"t 12.6 
Na 41.7 ~ 

1 ‘7 34 
BED VOLUMES 

53 

. 

1 

I 

, 

SODIUM ItWII CALCIUM .ICRl. RN!Y MAGNESIUM lMGj CCNCENTRRTIONS ARE MEASURED BY ATOMIC ABSORPTION. 
TOTAL HARDNESS [THS IS CRLEULRTED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS. 



C24-1 

Ion-Exchange - Run 3.18.Oc)B 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

b/25/79 

3.18.138 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerant - fresh ED brine 
Backwash - feedwater 

Target Actual 
Fresh regeneration cont. (mg/L TDS) 
Fresh regeneration flow rate (L/min) 

20 000 20 620 

Recycled regenerant flow rate (L/min) 
5.5 5.5 

Recycled regenerant volume (L) 
None None 
None 

Service termination point (meq/L Ca++) 4.5 
None 
4.6 

Height = 1081 mm 
Volume = 98.7 L 

Chemical Compositions of Tank Haters Prior to Cycle 3.18.138 

Tank 

Recycle regenerant (T-S) 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 

Lime softened feed (T-10) 

Fresh ED brine (T-28) 

IX product/ED feed (T-33) 

Cycle 3.18.13B Operating Conditions 

PH 
units 

Conductivity Ca++ Mgf+ 
us/cm meq/Lmeq/L 

24 151 41.0 27.0 

24 919 43.0 23.0 

7.1 5 381 9.6 4.0 

7.3 5 150 9.2 4.0 

6.4 27 224 6.8 14.8 

7.1 5 719 1.04 2.4 

INPUT OUTPUT 
DURATION THROUGHPUT VOLUME AVG FLOW RATE 

HIN L BV L/MIE( tiV/HIN 

BACKWASR FEED HASTE 10 240 2.43 24.0 .243 43. 27.2 

DRAIN 1 (VEhT) YASTE 3 62 .63 20.7 ,209 0.0 

REGEN FR REUEN WASTE 137 751 7.61 5.47 .055 5.2 30.2 

DRAIN 2 (VENTI WASTE 3 62 .63 20.7 .209 0.0 

RINSE FEED WASTE 10 150 1.52 15.0 ,152 0.0 

SERVICE FEED PRODUCT 176 5270 53.4 29.9 .303 0.0 

DRAIN 3 (VENT) WASTE 2 41 .42 20.7 .209 0.0 

TH 
meqiL 

68.0 

66.0 

13.6 

13.2 

21.6 

3.4 

BED 
EXPANSION TEMPERATURE 

% C 

197 



C24-2 

Fresh Regenerant Volume Balance 

RLUl 3.18.008 
Cycle no. Date 

04 6/22/79 

05 6/23/79 

06 6/23/79 

07 6/23/79 

08 6124179 

09 6/24/79 

10 6/24/79 

11 6/24/ 79 

12 6/ 25/79 

13 6/Z/79 

Fresh Fresh 
regenerant regenerant 
volume (Vp) TDS 

L ma/L 

852 

852 

748 

740 

750 - 

750 

752 

758 

750 

751 

Service 
volume (Vs) 

L 

6190 

5610 

5160 

5430 

4770 

5020 

4980 

5000 

4950 

5270 

Estimated 
ED feed 

TDS 
w/L 1 V3/(1-R)VS 

3300 - - 

3300 - - 

3300 - - 

3300 - - 

3300 - - 

3300 - - 

3300 - - 

3300 - 

3300 - - 

3300 - 

Influent and Effluent Compositions during Cycle 3.18.138 

Backwdsh 
lnfluent Effluent 

3581 

4.0 

186 

47.5 

1010 

9.0 

6.0 

48.8 

NO 

ND 

1050 

1220 

40.0 

ND 

57.09 

57.49 

-0.41 

4055 

6.3 

20 615 

27 216 

0.76 

4.2 

33.2 

lab 

7070 

61 

1.5 

29.3 

ND 

NO 

5780 

7450 

24.0 

ND 

17 248 

4.0 

185 

56.9 

1110 

IO 

6.0 

73.2 

no 

ND 

1150 

1400 

60.0 

ND 

4.4 

1050 

269 

4680 

29 

18 

97.6 

ND 

ND 

4580 

6520 

80.0 

ND 

7.3 

3372 

5144 

0.65 

4.0 

la0 

46.0 

959 

a.3 

2.8 

19.5 

ND 

ND 

966 

1186 

lb.0 

ND 

Rinse 
effluent 

6.4 

17 606 

23 503 

0.75 

4.2 

148 

136 

6030 

52 

2.1 

33.2 

ND 

ND 

4850 

6350 

27.2 

ND 

7.1 

3460 

5437 

0.64 

3.a 

31.2 

33.1 

1162 

12.1 

0.7 

17.1 

NO 

ND 

990 

1210 

14.0 

ND 

64.65 331.0 280.9 53.90 280.7 55.04 

65.20 326.1 279.3 54.76 282.3 55.15 

-0.50 ‘0.94 *0.3a -0.91 -0.35 -0.11 
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C24-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

CYCLE 3.18.13B 

MODE 

BACKWASH 
BACKWASH 
BACKWASH 
REGEN 
REGEN 
REGEN 
REGEN 
REGEN 
REGEN 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

THROUGHPUT CA 
BV MEQ/L 

MG 
MEQ/L 

TH 
MtQ/L 

NA 
MEQ/L 

EFFLUENT 0.00 10.53 5.31 15.84 52.20 
INFLUENT .73 9.28 3.91 13.19 43.93 
EFFLUENT 1.22 8.98 4.54 13.53 49.15 
EFFLUENT 2.43 6.53 4.35 12.88 46.98 
I NFLUENT 3.43 1.66 15.31 16.97 307.53 
EFFLUENT 4.32 90.32 50.12 140.44 187.47 
EFFLUENT 6.20 b6.37 27.16 93.53 236.19 
EFFLUENT 8.08 50.40 16.05 66.45 265.77 
EFFLUENT 10.02 47.90 14.16 62.06 287.08 
EFFLUENT 0.00 9.08 13.83 22.91 302.74 
EFFLUENT .76 5.34 7.19 12.53 217.05 
EFFLUENT 1.52 .29 .47 .76 60.90 
I NFLUENT 4.25 8.73 3.72 12.45 40.58 
EFFLUENT 14.26 .27 .40 .68 53.63 
I NFLUENT 25.49 9.03 3.75 12.79 41.02 
EFFLUENT 27.00 .31 .60 .92 54.11 
EFFLUENT 39.75 leltl 3.63 4.81 50.41 
EFFLUENT 46.12 2.99 5.47 8.46 46.50 
INFLUENT 54.91 9.18 3.88 13.07 41.76 
EFFLUENT 54.91 4.59 5.98 10.57 44.19 

Service Performance Summary 

CYCLE 3.13.138 

AVERAGE CONCENTRATIONS, MEQ/L REMOVAL 
INFLUENT EFFLUENT DIFFERENCE % 

CA 8.98 1.19 7.79 &7 
MG 3.79 2.21 1.57 42 
TH 12.77 3.40 9.36 73 
NA 41.12 52.25 -11.13 

RESIN CAPACITY 
EQ/L 

.416 

.084 

.500 
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FIGURE AT a 

MFlJOR CflTION CONCENTRflTIONS 
OF TX REGENERQTION EFFLUENT 
CYCL.E 3. 18. 13B 

0 Calcium Avg. influent 

Magnesium 

Total hardness 

Sodium 

FIGURE A- b 

MflJOR Cm I ON CONCENTRRT I ONS OF 
IX RINSE RN0 SERVICE EFFLUENTS 
CYCLE 3.18.138 
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217 0 Flaqnesium concentrations, meq/L 1 

22.9 
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A Total hardness 13. Cat+ 8.98 

e 
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MCI++ 
3.79 

THt 12.5 
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SODIUM (NFiI, CALCIUM (031, RN0 MRGNESIUM [MGI CONCENTRATIONS ARE MEWJRED BY ATOMIC flBSORPTION. 
IBTRL HRRDNESS [THI IS CRLCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS. 



C25-1 

Ion-Exchange - Run 3.19.00 

MODE INPUT OUTPUT 

RFGEN 1 RE REGEh( WASTE 

KEGEN 2 Rt REGEN SP HEGCN 

RECEN 3 FH REGEN SP REGEN 

DRAIN 1 (VENT) rlASTE 

RINSE FEED WASTE 

SERVICE FEtD PHODIJCT 

DRAIN 2 fVk%T) WASTE 

Date: 6/2af79 

Cycle: 3.19.09 

Conditions: Feedwater - Welton-Mowhawk drainage pretreated 
(in train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Target Actual 
Control variables: Fresh regeneration cont. (mg/L TDS) 

Fresh regeneration flow rate (L/min) 
20 000 19 410 
5.5 

Recycled regenerant flow rate (L/min) 8.0 z.i 
Recycled regenerant volume (L) 
Service termination point (meq/L Cat+) Y! 

aio 
4.7 

Standard resin bed: Height = 1081 mm 
Volume = 98.7 L 

Chemical Compositions of Tank Waters Prior to Cvcle 3.19.09 

Tank 
PH Conductivity Ca* 

++ 
TH 

units d/cm meq/L &- meq/l 

Recycled regenerant (T-5) 

Spent regenerant (T-6) 

Lime-softened feed (T-9) 

Lime-softened feed (T-10) 

Fresh ED brine (T-28) 

IX product/ED feed (T-33) 

7.1 

7.3 

6.3 

7.2 

24 732 40.0 22.0 62.0 

24 341 41.0 27.0 68.0 

5 382 10.0 3.6 13.6 

5 362 10.0 3.2 13.2 

25 756 6.4 15.2 21.6 

5 759 1.2 2.2 3.4 

Cycle 3.19.09 Operating Conditions 

ION ThROUGHpUT VOLUME INHAT 
HIN 

10 

91 

144 

3 

10 

180 

2 

L UV 

240 2.43 

600 8.11 

781 7.91 

62 ,63 

150 1.52 

5420 54.9 

41 .42 

201 

AVG FLOW PATt 
L/MIN t)V/NIN 

aED 
EXPANS 

Y 

24.0 ,243 41. 

a.77 .oa'i a.7 

5.42 .055 3.3 

20.7 ,209 0.0 

15.0 ,152 0.0 

30.1 .305 0.0 

20.7 .209 0.0 

ION TEHPEHATUHE 
C 

31.0 

35.0 



C25-2 

Fresh Regenerant Volume Balance 

Fresh Fresh Estimated 
regenerant regenerant Service ED feed 

Ru; volume (Vg) TDS volume (V,) TDS R 
Y 

czi'el ;;oo 
Date _ L q/L L -mg/L x 

3.19.03 b/26/79 918 20 240 6040 3300 86 

3.19.04 6/26/79 918 20 240 5610 3300 86 

3.19.05 6/27/79 918 19 550 5780 3300 85 

3.19.06 6/27/79 785 19 550 5660 3300 85 

3.19.07 6/27/79 776 19 550 5220 3300 85 

3.19.08 6/28/79 780 19 490 5330 3300 85 

3.19.09 6/28/79 781 19 490 5420 3300 85 

V3/(1-R)Vi 

1.07 

1.14 

1.07 

0.94 

1.00 

0.96 

0.97 

Influent and Effluent Compositions during Cycle 3.19.09 

PH 

~0s (r ions) 

Canductivlty @ 25 OC 

E. F. (TWcond.) 

Silica 

CdlCiWR 

Hagnerium 

Sodium 

Patarslum 

Strontium 

Bicarbonate 

Carbonate 

Hydroxide 

Sulfite 

Chloride 

T-alkalinity a5 CaCO, 

P-alkalinity ds CaCO, 

C Anions 

r C4tlonr 

Control value 

Units - 

units 

w/L 

d/cm 

mg/L 

mg/L 

w/L 

mg/L 

w/L 

v/L 

mg/L 

w/L 

mg/L 

mg/L 

W/L 

WL 

w/L 

w/L 

WI/L 

WSJL 

uegen 1. 2 
influent 

Regen 1 
effluent 

ueqen 2 

18 209 13 520 17 084 

5.2 4.6 4.6 

910 1 240 1 190 

359 348 379 

5 210 3 070 4 630 

37 30 38 

19 19 19 

48.8 40.8 63.4 

NO ND ND 

NO NO NO 

4 400 3 440 4 160 

1 220 5 320 7 400 

40.0 40.0 52.0 

NO NO ND 

296.1 222.5 296.4 

302.9 225.2 293.4 

-1.45 -0.76 rO.64 

6.4 

19 411 

26 208 

0.74 

4.3 

138 
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6 620 

72 

1.a 

22.0 

NO 

NO 

5 100 

7 260 

22.0 

NO 

311.4 

312 .6 

-0.24 

18 695 

5.2 

890 

246 

5 500 

45 

16 

73.2 

NO 

NO 

4 100 

7 820 

60.0 

NO 

307.2 

x35.4 

l 0.37 

Service 
effluent 

6.6 7.2 

18 145 3 529 

25 075 5 553 

0.72 0.64 

3.8 2.1 

169 38.6 

141 34.0 

6 070 1 167 

64 13.0 

2.9 0.7 

23.9 II.1 

NO NO 

NO NO 

5 G-30 1 050 

6 670 1 202 

19.6 14.0 

NO NO 

292.7 55.70 

285.8 56.16 

t1.49 -0.39 

202 



C25-3 

UILIWI wrlwwwdcluns OT LampIes Analyzed by Atomic Absorption 

MODE 

REGEN 1 
REGEN 1 
REGEN 2 
REGEN 2 
HEGEN 2 
REGEN 3 
REGEN 3 
HEGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

EFFLUENT 
EFFLUENT 
EFFLUENT 
INFLUENT 
EFFLUENT 
EFFLUENT 
I NFLUENT 
EFFLUENT 
EFFLUENT 
EFFLUENT 
EFFLUENT 
EFFLUENT 
EFFLUENT 
EFFLUENT 
I NFLUENT 
EFFLUENT 
EFFLUENT 
EFFLUENT 
EFFLUENT 
EFFLUENT 
EFFLUENT 
EFFLUENT 
INFLUENT 
EFFLUENT 

CA 
MEO/L 

CYCLE 3.19.09 

THROUGHPUT 
BV 

Service Performance Summary 

0.00 
1.22 
2.43 
5.72 
6.61 

10.52 
11.45 
12.44 
14.37 
16.40 
18.43 

OIOO 
.76 

1.52 
4.2-r 
8.23 

14.94 
21.65 
28.37 
41.79 
48.50 
55.82 
5b.43 
56.43 

21.96 
82.34 
77.3s 
45.41 
54.39 
48.40 

6.89 
50.40 
45.91 
393.42 
39.92 

6.76 
7.9iH 

.37 
9.58 

.32 

.31 

.3L 

.37 
1.42 
3.24 
4.69 
9.53 
4.74 

MG TH NA 
MEQ/L MEG’/L MEQ/L 

9.47 31.42 60.46 
41.07 123.41 148.76 
38.68 116.03 181.82 
29.55 74.96 226.62 
30.95 85.34 210.53 
28.89 77.29 215.31 
15.88 22.77 287.95 
28.89 79.79 237.93 
20.91 66.81 247.93 
15.14 54.57 257.94 
13.91 53.63 255.76 
14.24 23.02 284.47 
10.78 16.77 251.41 

.63 .99 61.77 
4.23 13.61 41.24 

.46 .78 53.68 

.46 .77 53.46 

.48 .a0 52.81 

.74 1.11 52.20 
4.38 5.80 47.06 
6.37 4.61 46.67 
6.45 11.14 42.32 
4.16 13.70 40.41 
6.40 11.14 41 .H4 

CYCLE 3.19.09 

AVEHAGE CONCENTSATIONST MEQ/L REMOVAL 
INFLUENT EFFLUENT DIFFERENCE B 

CA 9.56 1.25 8.31 87 
MG 4.20 2.46 1.73 41 
TH 13.75 3.71 10.04 73 
NA 40.82 50.77 -9.95 

RESIN CAPACITY 
EQ/L 

.456 
.095 
.552 
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FIGURE A- 8 FIGURE A- b 

MFlJOR CATION CONCENTRATIONS MQJOR CATION CONCENTRATIONS OF 
OF IX REGENERRTIUN EFFLUENT IX RINSE FlNO SERVICE EFFLUENTS 
CYCLE 3.19.09 CYCLE 3.19.09 

0 Calcium 
~Magnesium 

ATotal hardness 

~Sodium 

Avg. influent 
concentrations, meq/L 

284 

Cat+ 
Mg++ 

93-Y& 
29:6 

6.89 23-' 
15.9 

THt 75.0 22.8 14. 
Na 227 288 

I I 
5 

BED :OOLUMES 
15 20 

p Calcium Avg. influent 
251 0 Maqnesium concentrations, meq/L 

tt 

18 * 8A 
Total hardness 9.56 

0 Sodium 
FJ Cat+ 4.20 
THt 13.8 
Na 40.8 , 

r Rinse 
- Service 

P 

-I 

I I I 
15 

BE0 V~OOLUMES 
Q5 6 

SODIlJtl 1NA1, CfWXJH ICfl1, AND MAGNESIUM (HG1 CONCENTRATIONS ARE MEASURED BY ATOMIC ABSORPTION. 
TOTFIL HARDNESS (THI IS CFlLCULt3TED BY SUMMING THE CRLClUM AND MAGNESlUN CONCENTRATIONS. 



C26-1 

Ion-Exchange - Run 3.20.10 

Date: l/2/79 

Cycle: 3.20.!0 

MODE 

HE0 
DURATION THROUGHPUT VOLUME AvG FLOW RATE EXPAkSION TEMPEHPTUWt. 

INPUT OUTPUT HIN L dV L/MIh bV/MIN d C 

REGEN 1 RE HECEN WASTE 10 235 2.38 23.5 .238 41. 29.13 

REGEN 2 RE Rt'GEN SP REGEN 35 805 8.16 23.1 .234 41. 2r.v 

REGEN 3 FR HEGEN SP HEGEN 173 91 9.78 5.58 .057 3.6 32.0 

ORAIN 1 (VENT1 WASTE 3 62 .63 20.7 ,209 0.0 

RINSE FE6D WASTE 10 150 l.SE 15.0 .I52 0.0 

SERVICE FEE0 PHOOUCT 200 5960 60.4 29.8 .302 0.0 

ORAIN 2 (VENT1 WASTE 2 41 .42 20.7 .2OY 0.0 

Conditions: Feedwater - Wellton-Mowhawk drainage pretreated 
(in train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Control variables: Fresh regeneration cont. (mg/L TDS) 
Fresh regeneration flow rate (L/min) 
Recycled regenerant flow rate (L/min) 25450 

5.6 

Recycled regenerant volume (L) 
23.1 

Service termination point (meq/L Ca++) 48:; 
805 
4.6 

Standard resin bed: Height = 1081 n 
Volume = 98.7 L 

Chemical Compositions of Tank Waters Prior to Cycle 3.20.10 

Tank 

Recycled regenerant (T-5) 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 

Lime-softened feed (T-10) 

Fresh ED brine (T-28) 

IX product/ED feed (T-33) 

PH Conductivity 
units d/cm 

24 552 

24 397 

7.2 5 299 

1.3 5 242 

6.2 26 201 

7.2 5 642 

Cat+ Mgtt 
meq/L. meq/L 

47.0 25.0 

90.0 20.0 

9.2 4.4 

9.2 4.4 

6.4 13.6 

1.2 2.4 

Cycle 3.20.10 Operating Conditions 

TH 
meq/L 

72.0 

110.0 

13.6 

13.6 

20.0 

3.6 
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C26-2 

Fresh Regenerant Yolume Balance 

Fresh Fresh Estimated 
regenerant regenerant Service ED feed 

Run 3.20.00 volume (Vj) TDS TDS 
Cycle no. Date L mq/L 

volume (V,) 
L mq/L 2 V3/(1-R)VL 

03 6/30/79 952 19 280 5850 3300 85 1.08 

04 6/30/79 952 19 280 6080 3300 85 1.04 

05 6/30/79 952 19 280 5820 3300 85 1.09 

06 ?/l/79 952 19 280 5850 3300 85 1.08 

07 7/l/79 952 19 280 5940 3300 85 1.07 

08 7/l/79 943 19 280 5630 3300 85 1.12 

09 712179 952 19 777 5680 3300 85 1.11 

10 7/2/79 965 19 777 5960 3300 85 1.11 

Influent and Effluent Compositions during Cycle 3.20.10 

PH 
~0s (f ions) 

Conductivity P 25 OC 

E. F. (TDSlcond.) 

Silica 

Calcium 

Magnesium 

Sodium 

Potarrlum 

Strontfum 

Bicarbonate 

Carbonate 

Hydroxide 

Sulfate 

Chloride 

I-dlkallnfty as CdCO, 

P-rlkalintty .I CaCO, 

r. Inions 

L cations 

Control v.lu* 

Units - 

units 

mg/L 

d/cm 

m9tL 

mg/L 

mg/L 

rn9/L 

m9lL 

m9/L 

m9fL 

mglL 

mg/L 

W/L 

m9lL 

mg/L 

W/L 

WA/L 

Fzegen 1. 2 
influent 

uegen 1 
effluent 

18 235 13 593 17 870 

3.8 3.2 3.8 

930 1 180 1 240 

298 342 372 

5 200 3 190 4 710 

32 26 30 

18 19 21 

73.2 73.2 73.2 

ND ND ND 

NO NO ND 

4 260 3 260 4 060 

7 420 5 5w 7 360 

60.0 60.0 60.0 

NO ND NO 

299.3 224.3 293.4 

298.3 226.9 298.6 

+I320 -0.74 -1.12 

206 

Rcqen 3 
lnfluent Effluent -- 

6.2 

19 604 

26 110 

0.75 

3.9 

137 

171 

6 700 

68 

2.0 

22.0 

ND 

no 

5 ow 

7 410 

18.0 

II0 

315.4 

314.1 

~3.26 

19 312 

3.6 

930 

224 

5 710 

35 

16 

13.2 

ND 

ND 

5 020 

73m 

60.0 

I40 

311.6 

314.5 

-0.59 

Rinse. 
service 

Jnfluent 
RI nre 

effluent 
Service 

effluent 

7.1 6.3 7.1 

3 393 18 236 3 480 

5 135 24 592 5 459 

0.66 0.74 0.64 

3.4 3.6 3.4 

182 149 36.5 

53.0 146 44.3 

935 6 290 1 140 

(1.6 63 13.6 

2.1 2.5 0.7 

13.7 22.0 17.1 

ND NO ND 

NO No NO 

1 014 48.30 1 008 

1 180 6 680 1 216 

11.2 18.0 14.0 

10 I40 No 

54.63 m.5 55. so 

54.40 294.7 55.42 

*.a -0.93 a.17 



C26-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MODE 
PROCESS THROUGHPUT CA MG TH N A- 
STREAM HV MEQ/L MEG/L hEO/L MEQ/L 

REGEN 1 EFFLUENT 0.00 31.44 13.33 44.77 79.16 
REGEN 1 EFFLUENT 1.19 67.86 33.25 101.12 151 .a1 
REGEN 2 EFFLUENT 2.3b 72.36 36.74 109.1s 177.90 
REGEN 2 I NFLUENT 4.26 46.41 24.53 70.93 226.19 
REGEN 2 EFFLUENT 6.13 S7.86 29.47 87.35 213.14 
REGEN 3 EFFLUENT lO.Sb SO.YO 27.24 78.14 220.10 
REGEN 3 IEJFLUENT 12.34 6.84 14.07 20.91 291.43 
REGEN 3 EFFLUENT 13.01 53.89 26.56 80.48 245.76 
HEGEN 3 EFFLUENT 15.45 47.41 16.63 64.03 255.76 
HEGEN 3 EFFLUENT 17.88 39.42 11.65 51.27 264.46 
REGEN 3 EFFLUENT 20.36 38.42 11.77 50.15 267.07 
RINSE EFFLUENT 0.00 b.08 13.17 21.25 289.69 
RINSE EFFLUENT .76 6.99 9.88 16.86 256.63 
SERVICE EFFLUENT 1.52 .31 .50 .a2 60.46 
SERVICE I NFLUENT 4.24 9.03 4.39 13.42 40.80 
SERVICE EFFLUENT 16.01 .26 .41 ,69 53.85 
SERVICE INFLUENT 23.26 a.w 4.44 13.47 41.28 
SERVICE EFFLUENT 30.50 .31 .60 .92 52.al 
SERVICE EFFLUENT 45.00 1.14 4.63 5.77 48.24 
SERVICE EFFLUENT 52.24 2.40 6.37 8.77 45.24 
SERVICE EFFLUENT 59.49 4.09 6.76 10.85 42.89 
SERVICE INFLUENT 61 .‘dO a.98 4.39 13.37 40.58 
SEHVICE EFFLUENT 61.90 4.59 6.60 11.35 42.71 

CYCLE 3.20.10 

Service Performance Summary 

CYCLE 3.20.10 

CA 
MG 
TH 
NA 

AVERAGE CONCENTRATIONS, MEG/L 
INFLUL’NT EFFLUENT DIFFEHENCE 

9.00 1.09 7.91 
4.42 2.58 1.84 

13.42 3.67 9.75 
40.89 51.25 -10.36 

REMOVAL 
% 

da 
42 
73 

Rt’SIN CAPACITY 
CO/L 

.477 

.lll 
,589 
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FIGURE A- a FIGURE A- b 

MRJOR CFlTION CONCENTRflTIONS MflJOR CRTION CONCENTRflTIONS OF 
OF IX REGENERRTION EFFLUENT IX RINSE FlND SERVICE EFFLUENTS 
CYCLE 3.20.10 CYCLE 3.20.10 

0 Calcium 
0 Magnesium 

A Total hardness 

0 Sodium 

Avg. influent 
concentrations, 

Ca++ 
Reg 1,2 ___- 

Mq++ 
46.4 
24.5 

TH 
Nat 

70.9 
226 

*'O rs meq/L 

w 3 
6.84 

14.1 21.2 c 
20.9 13.20 

291 5 N-7 

257 ’ 
0 

16.9 t 

Calcium 

Magnesium 
Total hardnes 
Sodium 

Avq. influent 

SODIUH (NAI, CALCIUH ICAl, AND MAGNESIUM [MGI CONCENTRATIONS ARE MEASURED BY ATOMIC RBSORPTION. 
TOTAL HARDNESS (THI IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CBNCENTRRTIUNS. 



C27-1 

Ion-Exchange - Run 3.18. OOE 

MOOE 

RACKWASH 

DRAIN 1 

REGEN 3 

DRAIN 

RINSE 

SERVICE 

DRAIN 

Date: 

Cycl e : 

Conditions: 

7/g/79 

3.18.2lE 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in train IV) with hiah lime dosage for silica removal 
Regenerant - fresh ED brine plus 100 mg/L SHMP 

Source of backwash - IX feedwater 

Control variables: Fresh regeneration cont. (mg/L TDS) 
Fresh regeneration flow rate (L/min) 5.5 5.4 
Recycled regenerant flow rate (L/min) None None 
Recycled regenerant volume (L) 
Service termination point (meq/L Ca++) 5'1;' 

None 
4.1 

Standard resin bed: Height = 1081 nnn 
Volume = 98.7 L 

Chemical Compositions of Tank Waters Prior to Cycle 3.18.21E 

Tank 

Lime-softened feed (T-9) 

Lime softened reed (T-10) 

Fresh ED brine (T-28) 

IX product/ED feed (T-33) 

PH Conductivity CaCt 
units US/cm a 

7.2 5 146 9.6 4.4 14.0 

7.3 5 151 9.4 4.2 13.6 

6.3 28 792 6.1) 15.0 22.0 

7.1 5 557 0.88 2.1 3.0 

Cycle 3.18.21E Operating Conditions 

BED 
DURATION THROUGHPUT VOLUME AVG FLOW RATt: EXPANSION TEMPERATURE 

INPUT OUTPUT MIN 

FEED WASTE 10 

(VENT) dASTE 3 

FW HEGEN WASTE 136 

(VENT) WASTE 3 

FEE0 WASTE 10 

FEED PRODUCT 189 

lVE"rT) WASTE 2 

L BV 

260 2.43 24.0 .243 

62 .63 20.7 .209 

735 7.45 5.40 .oss 

62 ,63 20.7 .209 

150 1.52 15.0 .152 

SbdO 51.5 30.1 .304 

41 .42 20.7 .209 

L/MIN HV/HIN B C 

30. 21.5 

0.0 

1.1 30.3 

0.0 

0.0 

0.0 

0.0 
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C27-2 

Fresh Regenerant Volume Balance 

Run 3.18.00E 
Cycle no. Date 

16E ?I?/79 

17E 718179 

18~ l/8/79 

19E ?/8/?9 

2OE 719179 

2JE 7/g/79 

Fresh Fresh 
regenerant regenerant 
volume (Vj) TDS 

L mq/L 

748 22 050 

748 22 050 

748 22 OS0 

748 22 050 

748 22 150 

735 22 150 

Service 
volume (Vs) 

L 

12 590 

6 040 

5 270 

5 240 

5 590 

5 680 

Estimated 
ED feed 

TDS 
mq/L 1 Vj/(l-R)Vs 

3300 87 0.45 

3300 87 0.95 

3300 87 1.08 

3300 87 1.09 

3300 UJ 1.03 

3300 87 1.00 

PH 

TDS (C ions) 

Conductfvlty 9 25 OC 

E. F. (TWcond.) 

SlllC& 

C4lcium 

Nagncrlum 

sodium 

Potrrrium 

Strontium 

Blctrbanatc 

Crrbonrte 

Hydroxide 

Sulfate 

Chloride 

T-rlkrl!nity as C&CO, 

P-41kalinity 1s CaCO, 

r, Anions 

I Cltlons 

Control vtlut 

Influent and Effluent Compositions during Cycle 3.18.21E 

Backwash 
Cffluent 

ml. rinse 
Regeneration service RlMe 

lnfluent Eifluent effluent effluent -- 

3 626 

6.1 

21 a22 

26 a46 

0.76 

4.2 

120 

185 

7 540 

62 

1.5 

29.3 

NO 

ND 

5 780 

6 100 

24.0 

ND 

349.4 

18 086 

mglL 

mg/L 

w/L 

WL 

W/L 

q/L 

W/L 

mg/L 

v/L 

WL 

W/L 

mwL 

#leg/L 

4.6 

163 

61.4 

997 

12 

5.0 

63.4 

NO 

NO 

1 035 

1 285 

52.0 

NO 

58.65 

4.8 

1 150 

251 

4 a70 

29 

la.0 

73.2 

ND 

NO 

5 150 

6 540 

60.0 

NO 

292.9 

7.3 

3 259 

5 263 

0.62 

3.5 

167 

52.8 

926 

a.5 

2.9 

20.0 

NO 

NO 

910 

1 168 

16.4 

NO 

52.23 

6.5 

la 028 

24 795 

0.73 

4.3 

123 

122 

6 230 

51 

2.0 

25.9 

NO 

NO 

4 a50 

6 620 

21.2 

NO 

2aa.2 

7.2 

3 368 

5 469 

0.62 

3.9’ 

29.8 

39.1 

1 114 

11.9 

0.7 

19.0 

no 

NO 

980 

1 170 

15.6 

NO 

53.73 

56.97 350.8 291.0 53.24 ta6.5 53.48 

‘1.84 -0.25 Ml.42 -1.10 -0.07 Ml.26 

Service 
effluent 
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C27-3 

MODE 

RACKWASH 
BACKWASH 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

CA 8.30 .93 7.37 89 .424 
MG 4.32 2.23 2.09 48 .120 
TH 12.62 3.16 9.46 75 .544 
NA 39.92 50.73 -10.82 

PROCESS 
STREAM 

THROUGHPUT CA 
BV MEQ/L 

EFFLUENT 0.00 
EFFLUENT 1.22 
EFFLUENT 2.43 
INFLUENT 3.36 
EFFLUENT 4.29 
EFFLUENT 6.15 
EFFLUENT 8.02 
EFFLUENT 9.88 
EFFLUENT 0.00 
EFFLUENT .76 
EFFLUENT 1.52 
I NFLUENT 4.26 
EFFLUENT 14.92 
INFLUEhlT 21.62 
EFFLUENT 28.31 
EFFLUENT 41.71 
EFFLUENT 48.41 
EFFLUENT 55.11 
I NFLUkNT 59.07 
EFFLUENT 59.07 

CYCLE 3.18.21E 

9.48 5.42 14.90 46.55 
7.80 4.34 12.82 43.06 
7.68 4.79 12.47 42.11 
5.54, 15.23 21.21 327.97 

93.30 4d.dl 14b.11 200.96 
70.86 23.05 93.90 249.24 
54.39 13.74 68.14 279.25 
47.90 12.18 60.09 295.35 

8.18 14.32 22.50 322.31 
4.14 5.Y6 10.10 214.44 

.23 .40 .62 56.24 
8.23 4.31 12.55 40.15 

.22 .35 .57 53.46 
8.2b 4.31 12.60 39.80 

.2* .43 .67 53.24 

.75 3.09 3.83 49.24 
1.79 5.44 7.23 45.63 
3.39 6.50 9.90 43.15 
8.38 4.32 12.70 39.80 
4.09 6.60 10.69 41.93 

MG 
MEQ/L 

TH 
MEG/L 

NA 
MEO/L 

Service Performance Summary 

CYCLE 3.18.21E 

AVERAGE CONCENTRATIONS, MEOIL REMOVAL RESIN CAPACITY 
INFLUENT EFFLUENT DIFFERENCE 36 EQ/L 
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FIGURE A- a FIGURE A- b 

MRJOR COTION CONCENTRRTIONS MflJOR COTION CONCENTRATIONS OF 
OF IX REGENERRTION EFFLUENT IX RINSE FlND SERVICE EFFLUENTS 
CYCLE 3.18.LlE CYCLE 3.18.21E 

0 Calcium 
oMagnesium 
ATotal hardness 

OSodium 
Cat+ 
Mg++ 

THt 
Na 

Avg. influent 322 0 0 Calcium Avg. influent 
concentrations, meq/L 214 concentrations, meq/L 

2% 
P ~Maqnesium 

aTotal hardness Cat+ 
15:2 22.5 

14.3 f 
0 Sodium FJ++ 

8.30 
4.32 

21.2 TH. 12.6 

328 

ti2 

Nat 39.9 ‘ 

o I, 
“0 15 

BED ~ZLUMES 
Q5 G 

SODIUM [NA), CRLCIUM [CA), AND MAGNESIUM (MG1 CONCENTRR710NS RRE MEASURED BY AlDMIC ABSORPTION. 
1[3TAL HARDNESS [-lH) IS CALCULRTED BY SUMMING THE CALCIUM AND MRGNESIUM CBNCENlRRlIUNS. 



C28-1 

Ion-Exchange - Run 3.21 .OO 

MOOE INPUT 

REGEN 1 

QtGFN 2 

REblLhr 3 

DPAIh 1 

91lvst 

SERVICE 

Dt4AIN 2 

QE REGtN 

RE HE(rtY 

FR ntGEY 

I v t NT ) 

FttO 

FEtD 

IVEhT) 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

Chem ical Compositions of Tank Waters Prior to Cycle 3.21.56 

a/2/79 

3.21.56 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS) 
Fresh regeneration flow rate (L/min) 
Recycled regenerant flow rate (L/min) 16.0 
Recycled regencrant volume (L) 1 600 
Service termination point (meq/L Ca++) 3.0 

I 588 
3.0 

Height = 1081 ITUII 
Volume = 98.7 L 

Tank 

Recycled regenerant (T-5) 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 

Lime-softened feed (T-10) 

Fresh ED brine (T-28) 

IX product/ED feed (T-33) 

PH Conductivity Cat+ Mg++ TH 
units us/cm mes/Lmeq/L u 

37 701 45.0 34.0 79.0 

37 964 46.0 49.0 95.0 

7.2 5 252 9.8 3.2 13.0 

7.2 5 196 9.6 3.0 12.6 

6.4 42 416 5.0 16.6 21.6 

6.9 5 682 9.40 1.08 1.48 

Cycle 3.21.56 Operating Conditions 

BEU 
DIJHATIDN THROUGHPUT VOLUMt AVG FLOu( PATE EXPANSION TEMPkHATUHi 

OUTPLIT l-4 I IN L dV L/MI14 tdV/MIN b C 

YASTE 10 25d 2.5!~ 25.2 .2ss 33. 32.3 

SP HEGEN YY lS0d 16.1 16.1 .163 17.0 33.5 

SP ;IEGEN 202 601 6.13 3.00 .030 3.0 Jb.5 

HASTE 3 b2 .b3 20.7 .2OY 0.0 

WASTE 10 ISO 1.52 15.0 .152 0.0 

PYOLJUCT 245 73ro 74.7 30.1 .3os 0.0 

r(ASTE 2 41 .4ii 20.7 .204 0.0 
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C28-2 

Fresh Regenerant Volume Balance 

Fresh 
regenerant 
volume (Vj) 

Service 
volume (Vs) 

Fresh 
regenerant 

TDS 
w/L 

Estimated 
ED feed 

TDS 
w/L 

R 

L 

Run 3.21.00 
Cycle no. 

23 
24 

Date 

J/17/79 
?/la/79 
J/I 9179 
7119179 
J/20/79 
7127179 
J/27/79 
J/28/79 
7/28/79 
7/28/79 
J/29/79 
J/29/79 
J/30/79 
J/ 30/79 
J/31/79 
7/31/79 
80179 
a/)/79 
a/2/79 

V3/(1-R)Vx 

0.77 
0.72 
0.79 
0.8) 

L 

450 
450 
454 
454 
452 
445 
448 
455 
495 
458 
452 
453 
700 
699 
700 
701 
600 
604 
605 

39 950 
33 730 

a 100 
7 320 
6 a30 
6 690 
2 720 
a 050 
6 720 
6 600 
7 060 
6 540 
6 a30 

3 300 
3 300 

93 
92 

34 020 
34 020 
33 940 
32 720 
32 720 

3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 

92 
92 

0.63 
0.76 
0.78 
0.80 
0.80 
0.75 
0.75 
1.02 
1.06 

92 
91 43 

44 
45 
46 
47 

91 
32 720 
32 720 
32 720 
32 720 
32 720 
33 770 
33 770 
33 710 
33 710 
33 630 
33 630 
33 350 

ii 
91 

48 
49 ;1 

92 
92 

6 a70 3 300 
a 030 3 300 50 

51 

:: 

7 770 3 300 
7 580 
7 450 
7 260 
7 650 
7 370 

3 300 
3 300 
3 300 

;; 
92 
92 
91 

1.09 
1.11 
0.97 54 

:z 
3 300 
3 300 

1.08 
0.95 

Influent and Effluent Compositions during Cycle 3.21.56 

Regen 1. 2 Regen 1 Regen 2 Rcgen 3 
influent effluent effluent influent 

Rlnre 
effluent 

Service 
effluent 

29 311 20 581 28 156 

2.6 2.4 2.2 

880 1 530 1 330 

474 k75 512 

9 140 5 080 a 140 

49 31 45 

21 25 24 

24.4 97.6 102.5 

NO NO NO 

NO NO NO 

6 400 4 740 6 1W 

12 320 8 600 11 900 

20.0 80.0 84.0 

NO NO NO 

6.5 

33 aal 

42 725 

0.79 

2.3 

97 

i9a 

11 860 

105 

1.2 

7.2 6.8 7.0 

3 360 22 463 3 612 

5 234 29 390 5 735 

0.64 0.76 0.63 

1.7 1.9 1.a 

189 109 12.8 

36.9 110 20.1 

946 7 a30 1 259 

8.3 70 13.0 

2.6 2.4 0.3 

36.6 17.6 29.8 17.1 

ND HO NO NO 

NO NO NO NO 

9 500 1 010 6 950 I 110 

12 080 1 14s 7 360 1 178 

30.0 14.4 24.4 14.0 

NO NO NO NO 

481.26 342.94 464.44 539.26 53.71 352.88 56.63 

482.22 337.76 464.27 539.79 53.89 356.91 51.40 

-0.13 to. 95 '0.02 -0.06 -0.19 -0.72 -0.7~ 
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PII 

10s (r ions) 

Conductlr(ty a 25 'C 

E. F. (TOS/cond.) 

Silica 

Calcium 

I.!dgncrium 

Sodiun 

Potassium 

Strontium 

Bicarbonate 

Carbondte 

Ilydroxide 

Sulfatr 

Chloride 

T-~1kalInity II taco, 

P-llkrlln!ty lr C&o, 

v/L 

Q/L 

mg/L 

m9/L 

m9lL 

mg/L 

mg/L 

WL 

m9lL 

m9lL 

mg/L 

m9/L 

V/L 

w/L 

meqlL 

&W/L 



C28-3 

Major Cation Condentrations of Samp les Analyzed by Atom ic Abosorption 

MODE 

REGEY 1 EFFLUENT 
REGEN 1 EFFLUENT 
HEGEN 2 EFFLUENT 
REGEN 2 INFLUEFJT 
REGEh 2 EFFLUENT 
REGEN 3 EFFLUtNT 
FEGEN 3 INFLl!ENT 
REGEN 3 EFFLlJE’~IT 
HEGEN 3 INFLUE?JT 
HEGEN 3 EFFLlJkNT 
REGEN 3 EFFLUENT 
RINSE EFFLlJE!dT 
RI:JSE EFFLUENT 
RINSE EFFLUENT 
SERVICE EFFLUENT 
SERVICE INFLUENT 
SERVICE EFFLUEWT 
SERVICE EFFLUtNT 
SERVICE IhiFLUENT 
SERVICE EFFLUENT 
SERVICE EFF LIJENT 
SERVICE EFFLUENT 
SERVICE INFLUENT 
SERVICE EFFLUENT 

CYCLE 3.21.56 

THROUGhPUT CA 
8V MkQ/L 

0.00 
1.2ti 
2.55 
6.46 

lU.69 
18.66 
19.45 
20.20 
21.75 
23.2Y 
24.7ti 

0.00 
.7t 

1.52 
1.52 
4.26 

lO.t?,h 
I9.bI 
34.26 
3h.09 
56.3H 
65.5% 
76.19 
i’b.15 

3q.43 
53.30 
3t1.3u 
43.91 
53.6Y 
45.41 

4.a4 
5%.HY 

4.7Y 
3Y.92 
39.92 

‘1.44 
b.ctd 

. 2.3 

.22 
9.4a 

.10 

.oy 
Y.38 

. 11 

.18 
.7Y 

9.43 
2.51, 

Service Performance Summary 

CYCLE 3.21.56 

M (5 
MEQ/L 

16.71 
49.Yh 
50.7u 
3Y.Ul 
37.60 
36.Y5 
16.3ll 
4%.b3 
ld.OZ 
18.27 
17.20 
15.72 
11.77 

.4u 

.40 
3.14 

.16 

.16 
3.2u 

.l7 
1.03 
4.02 
3.c!t, 
h.01 

.~VEH<AGE C(jIdCENTHATIOrdS~ MEQ/L REMOVAL 

INFLUE!uT EFFLUtiJT OIFFEHENCE % 

CA 9.43 
Mti 3.20 
TH 12.63 
NA 39.54 

.42 9.01 
1.27 1 .YLj 
1 .b5 10.94 

52.7H -12.64 

96 .b73 
60 .l44 
87 .817 

TH 
ktti/L 

NA 
MEiJ/L 

51.14 94.62 
149.26 259.66 
14Y.00 306.39 

bZ.92 397.56 
91.75 377.12 
d2.8b 376.64 
21.14 515.88 
cjg.c;s 434.54 
%d.UZ 513.70 
56.1Y 447.59 
57.12 464.55 
23.16 507.18 
%O.LS 428.01 

.63 82.95 

.63 63.51 
li1.62 39.36 

.26 52.2u 

.25 52.46 
lZ.Sb 40.19 

.2d 52.07 
1.21 51.24 
4.81 47.48 

12.68 40.2’8 
4.00 43.45 

RtSIN CAPACITY 
EU/L 
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FIGURE A- a 

MRJOR CFITION CONCENTRRTIONS 
OF IX REGENERATlON EFFLUENT 
CYCLE 3.21 e 56 

0 Calcium 
0 Magnesium 
A Total hardness 

0 Sodium 

Avg. influent 
concentrations, meq/L 

Reg 1,2 Reg 3 

Ca++ 
Mg++ 

43.9 4.84 
39.0 16.3 

TH+ 82.9 21.1 
Na 398 516 

7’ 2i 
BED VOLUMES 

FIGURE A- b 

MRJOR CQTICJN CONCENTRflTIONS OF 
IX RINSE flND SERVICE EFFLUENTS 
CYCLE 3.21.56 

0 Calcium Avg. influent 
428 0 Magnesium concentrations, meq/L 

20.2A Total hardness 

0 Sodium 

Cat+ 
NJ++ 

9.43 
3.20 

THt 12.6 
Na 39.9 

SODlUH INA), CALCIUM ICAl, ANtI MRGNESIUM [MG) CONCENTRATlONS ARE MEASURED BY ATOMIC RBSORPTION. 
rOTAL HARDNESS ITHI IS CALCULRTEO BY SUMMlNG THE CALCIUM AND MRGNESIUM CONCENTRATIONS. 



c29-1 

Ion-Exchange - Run 3.22.00 

Date: am79 

Cycle: 3.22.12 

Conditions: Feedwater - Wellton-llowhawk drainage pretreated 
(in train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Taraet Actual 
Control variables: Fresh regeneration cont. (mg/L TDS) 

_I- 
35 000 

Fresh regeneration flow rate (L/min) 
33 780 

9.0 
Recycled regenerant flow rate (L/min) 

7.7 

Recycled regenerant volume (L) 
None None 

Service termination point (meq/L Cat+) :oi' 
None 
2-g 

Chemical Compositions of Tank Waters Prior to Cycle 3.22.12 

Tank 

Recycled regenerant (T-5) 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 

Lime-softened feed (T-10) 

Fresh ED brine (T-28) 

IX product/ED feed (T-33) 

PH Conductivity 
units vS/cm 

36 828 

36 502 

7.5 5 156 

7.6 5 165 

6.3 41 664 

7.3 5 776 

Cat+ rflg++ TH 
meq/L meq/L meq/L 

54.0 40.0 94.0 

53.0 47.0 100.0 

9.4 3.6 13.0 

9.2 4.2 13.4 

7.0 17.0 24.0 

0.64 1.04 1.68 

Cycle 3.22.12 Operating Conditions 

BE0 
DUiiATlti~ TtiHOUGnPUT VOLUMt AVG FLOW RATt EXPAND JON TticlPtM4 runt 

HOOE INPUT OUTPUT HIN L UV L/MIIU DV/MIN % c 

REGEN 1 tiE htvcN WASTE 10 247 2.4b 24.7 .246 32. 29.3 

MEGEN 3 FH ktUtN SIJ REtiCY 68 5,LU 5.17 ?.bb .IJ76 5.7 33.2 

OKAIN I IVLNT I r(ASTE 3 ad .bc: CU.‘1 ,205 0.0 

RJNSt FE.tO MASTS IO 132 1.31 13.2 ,131 0.0 

SERVICE FEED ~r)OOUCT l&i0 4Yd6 4Y.O Lb.5 .263 0.0 

DRAIN 2 IVENT) WASTE 2 41 .*i: 20.7 ,209 0.0 
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Run 3.22.00 
Cycle no. 

04 

05 

06 

07 

08 

09 

10 

11 

12 

QH 

10s (r ions) 

Conductivity @ 25 OC 

E. F. (TWcond.) 

si11ca 

Calcium 

naqncsium 

Sodium 

Potassium 

Strontium 

Bicarbonate 

Carbonate 

Hydroxide 

Sulf4t4 

Chloride 

T-tlkrllnlty 4s MO, 

P-rlkalinity as CaCO, 

I inlonc 

c cations 

Control VdlUC 

c29-2 

Fresh Regenerant Volume Balance 

Date 

813179 

8/4/79 

814179 

8/4/79 

a/5/79 

a/5/79 

8/5/79 

8/6/79 

8/6/79 

Fresh Fresh Estimated 
regenerant regenerant Service ED feed 
volume (Vj) TDS volume (Vs) TDS 
L- m/L L w/L 

518 32 910 6 120 3 300 

518 32 910 5 660 3 300 

519 32 910 5 640 3 300 

520 32 910 5 390 3 300 

520 32 910 5 770 3 300 

521 32 910 5 820 3 300 

521 32 910 5 530 3 300 

520 33 430 5 800 3 300 

520 33 430 5 580 3 300 

s - 

91 

91 

91 

91 

91 

91 

91 

91 

91 

Vs/(l-R)Vs 

0.97 

1.05 

1.06 

1.11 

1.04 

1.03 

1.08 

1.04 

1.08 

Influent and Effluent Compositions during Cycle 3.22.12 

Reqen I 
fnfluent Effluent 

un1 t-2 

units 
mq/L 

rS/cm 

27 577 21 424 

rn9fL 2.4 2.4 

mq/L I 000 I 690 

mq/L 486 525 

m9lL a 410 5 I80 

mq/L 59 46 

mq/L 26 28 

mq/L 73.2 92.7 

mY/L ND ND 

mq/L ND ND 

mq/L 5 la0 4 260 

m9lL 12 340 9 600 

mglL 60.0 76.0 

m9lL ND ND 

meML 457.21 361.07 

wl/L 451.02 354.66 

m?eqlL 4.m t1.12 

6.2 

33 175 

43 921 

0.77 

2.3 

107 

I63 

II WI 

107 

1.5 

24.4 

ND 

NO 

9 480 

I2 060 

20.0 

NO 

538.08 

536.12 

a.23 

29 736 

2.4 

I 620 

421 

8 410 

56 

29 

97.6 

ND 

NO 

1 180 

II 920 

80.0 

ND 

481.42 

483.40 

+0.52 

1.3 6.6 1.3 

3 311 22 328 4 244 

5 302 29 582 6 688 

0.62 0.75 0.63 

2.1 2.3 2.6 

160 185 18.9 

41.7 90.7 22.2 

923 1 610 I 431 

a.5 12 14.5 

2.9 3.2 0.5 

20.5 24.9 22.0 

ND ND NO 

ND NO ND 

958 I 590 I 566 

1 114 6 750 1 I60 

16.8 20.4 18.0 

NO NO NO 

53.41 348.92 65.70 

52.85 349.64 65.66 

to.60 -0.13 l 0.C4 

Rinse 
effluent 

Service 
effluent 
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c29-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MODE 
PHOCESS THHOUGHPUT CA MG TH NA 
STR EAPl BV MEQ/L MtQ/L MtiO/L MEQ/L 

REGEN 1 EFFLULNT 0.00 
KEGEN 1 I NFLUI~NT .74 
REGEN 1 CFFLUENT 1.23 
REGEN 3 EFFLUENT 2.46 
REGiiN 3 I NFLU~‘NT 3.14 
HEGEN 3 EFFLUENT 3.68 
KEGEN 3 tFFLUENT 4.cjU 
HEGEN 3 kFFLUENT 6.12 
HEGtiN 3 iiFFLUENT 7.65 
RINSE CFFLUENT u.uo 
RINSE EFFLUENT .b6 
SERVICE EFFLUENT 1.31 
SERVICE INFLUENT 3.68 
SEHV ICE fiFFLUENT 7.63 
SERVICE iiFFLUiiNT 13.45 
SERVICE I NFLUENT 24.74 
SERVICE itFFLUENT 26.59 
SEHJICE IiFFLUtiNT 3Y.22 
SERVICE IfFFLUtiNT 45.kl4 
SERVICE 1NFLUt;PJT SU.28 
SERVICk EFFLUENT SO.28 

CYCLE 3.22.12 

S7.3Y 
4Y.90 
Y4.Ul 

iob.24 
5.34 

111.78 
77.84 
SY.36 
5U.YU 
14.22 
11.53 

.64 
Y.23 

.lb 

.lL 
9.23 

.14 

1’4s l 4 1 

9.13 
2.6Y 

23.71 67.1~ 157.89 
40.00 6Y.YU 365.&l 
4'3.7Y 144.60 240.54 
53.04 lSY.37 285.34 
13.42 lb.75 514.57 
51.3b 163.13 344.06 
33.1'1 111.01 375.38 
22.au b2.lu 415.d3 
la.11 b4.01 435.84 
12.YZ 27.14 482.38 

U.ZU 14.72 371.YO 
1.61 2.25 143.38 
3.46 12.b9 40.37 

.15 .31 53.02 
.i4 .2b 52.81 

3.Jb 12.bl 39.93 
.lb .32 52.50 

1.53 1 .LJb 50.07 
3.‘?2 s.13 47.02 
3.42 lL.56 40.15 
4.90 7.79 45.0b 

Service Performance Summary 

CYCLE 3.22.12 

AvEkkbtc CONCENTRAT ION5 9 MEU/L KEHUVAL RESIN CAPACITY 
INFLU~NT fit=FLut~T 1,l FFkHc~\lCti %a CO/L 

CA 5.20 .51 ti.bY 
M t> 3.42 1.15 2.27 
7H 12.62 1.66 lo.96 
Nk 40.15 57.UH -1b.93 

94 .426 
66 ,111 
07 .537 
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FIGURE A- a FIGURE A- b 

MFIJOR Ct7TIOb.l CONCENTRflTIOW MRJOR CATION CONCENTRRT!ONS OF 
OF !X REGENE!W!GN EFFLUENT IX RINSE FlND SERVICE EFFLUENTS 
CYCLE j-22.12 CYCLE 3.22,12 

q Calcium 

~Magnesium 

ATotal hardness 
aSodium 

2 
513 :OLUMES 

G 

Avg. influent 
concentrations, me /L 

Cat+ 9.20 ‘1 Mg++ 3.42 

TH+ 12.6 
Na 40.2 

I- 

BED %iUMES 
3.9 

SODIUM (NRI, CRLCIUM ICRI, RND MRGNESIUM [MG) CONCENTRATIONS ARE MERSURED BY ATOMIC RSSORPTION. 
[OTRL HARDNESS lTHl IS CRLCUiRTEO BY SUMMING THE CRLCIUFl RND MAGNESIUM CBNCENTRRTIONS. 



c30-1 

Ion-Exchange - Run 3.23.00 

Date: a/22/79 

Cycle: 3.23.33 

Conditions: Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Control variables: Fresh regeneration cont. (mg/L TDS) 
Target Actual 

35 000 
Fresh regeneration flow rate (L/min) 

34 

Recycled regenerant flow rate (L/min) 165-z 1:-2" 
Recycled regenerant volume (L) 
Service termination point (meq/L Cat+) 

800 7;)4 
3.0 2.5 

Standard resin bed: Height = 1102 mm 
Volume = 100.6L 

Chemical Compositions of Tank Waters Prior to Cycle 3.23.33 

Tank 

Recycle regenerant (T-5) 

Spent tegenerant (~-6) 

Lime-softened feed (T-9) 

Lime softened feed (T-10) 

Fresh ED brine (T-28) 

IX product/ED feed (T-33) 

PH Conductivity 
units US/cm -- 

- 39 794 

39 541 

7.4 5 090 

7.5 4 980 

6.9 43 665 

7.4 5 381 

..Ca++ Mg++ 

meq/L s 

38.0 38 0 

43.0 37.0 

9.0 4.0 

8.4 4.4 

6.8 21.2 

0.40 1.60 

TH 
mea/L 

76.0 

80.0 

13.0 

12.8 

28.0 

2.00 

Cycle 3.23.33 Operating Conditions 

BED 
DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPANSION TEMPERATURE 

MODE INPUT OUTPUT MIN L BV L/HIN 8V/MIN I C 

REGEN 1 RE REGEN YASTE 10 246 2.45 24.6 .245 33. 27.5 

REGEN 2 RE REGEN SP REGEN 49 794 7.09 lb.2 .lbl 19. 27.5 

REGEN 3 FR REGEN SP REGEN 136 750 7.46 5.51 ,055 4.2 29.5 

DRAIN I IvENT) WASTE 3 62 .62 20.7 .205 0.0 

RINSE FEED WASTE 10 128 1.27 12.8 .127 0.0 

SERVICE FEED PRODUCT 336 8650 86.0 25.7 .256 0.0 

DRAIN 2 (VENT) WASTE 2 41 .42 20.7 .209 0.0 
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C30-2 

Fresh Regenerant Vblume Balance 

Fresh 
regenerant 
volume (VJ) 

Fresh 
regenerant 

TOS 
w/L 

Estimated 
ED feed 

TOS 
Service 

volume (V,) Run 3.23.00 
Cycle no. 

07 
08 
09 

I 

;: 

;z 
16 

:ll 
29 
30 
31 

:: 

Date 

8/9/79 
8/9/79 
8/10/79 
8110179 
8;10;79 
8/11/79 
8/11/79 
8/11/79 
8;12;79 
8/12/79 
8/12/79 
8/20/79 
8120179 
8/21/79 
8/21 I79 
8;21/79 
8122179 

0.80 
0.82 
0.87 
0.92 
0.79 
0.87 
1.13 
1.15 
1.10 
1.06 
1.04 

w/L 

3 300 
3 300 
3 300 

L 

451 
451 
450 
451 
451 

33 560 6 676 
33 560 6 501 
33 890 6 070 
33 890 5 756 
33 890 6 688 
33 890 6 088 
33 890 6 777 
33 890 6 635 

452 
650 
649 
650 33 890 6 937 
650 33 890 7 228 

3 300 
3 300 
3 300 
3 300 
3 300 

92 

;; 
92 
92 650 33 890 7 374 

751 33 690 9 275 
751 33 690 9 094 
751 33 820 8 231 
751 33 820 8 693 
750 33 820 7 945 
750 34 340 8 650 

3 300 
3 300 
3 300 

is 
92 

0.95 
0.97 
1.07 

3 300 
3 300 
3 300 

i: 
92 

1.02 
1.11 
1.04 

Influent and Effluent Compositions during Cycle 3.23.33 

7.2 

3 306 

514.0 

6.4 

3.9 

173 

40.2 

920 

1.9 

2.7 

22.0 

NO 

NO 

1 012 

1 116 

18.0 

NO 

52.92 

52.66 

00.04 

31 190 22 572 31 la? 

6.2 5.6 5.6 

930 1 660 1 000 

459 597 566 

9 630 5 390 6 490 

51 50 36 

21 27 2? 

146.4 122.0 122.0 

NO NO NO 

6.9 

34 600 

4 316.0 

7.9 

7.2 

122 

263 

12 100 

103 

1.6 

72.J 

NO 

32 574 

6.2 

I 070 

366 

9 600 

66 

22 

141.5 

NO 

ND ND NO NO NO 

1 600 5 660 6 200 9 700 6 600 

12 340 9 040 12 240 12 240 12 5w 

120.0 100.0 100.0 59.6 116.0 

ND NO NO NO NO 

508.82 374.92 SlE.10 546.53 534.06 

505.01 369.10 501.23 556.24 512.15 

l o.48 to.95 *I.14 -0.90 l 2.62 

Resen 3 
I” uent uent et 

Rinse 
eff!utnt 

Scrvlcc 
cffluen: 

7.0. 1.1 

24 294 I 502 

3 261.4 579.2 

7.4 6.0 

5.0 3.9 

134 13.4 

176 33.9 

6 350 1 200 

54 12.3 

2.6 0.9 

60.5 22.0 

NO NO 

NO NO 

6 600 1 020 

6 710 1 196 

49.6 16.0 

NO NO 

366.34 55.35 

305.99 15.99 

ro. 36 -0.67 

mg/L 

W/L 

V/L 

W/L 

m9/i 

WL 

mg/L 

v/L 

mg/L 

W/L 

mg/L 

;-41<a11n1ty 4s C&CO, mg/L 

?-4lkailnl:y 1s C&O,, m9lL 

c Anions w/l 

L cl:icns meql! 
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c30-3 

Major Cation concentrations of Samples Analyzed by Atomic Absorption 

MODE 
PROCESS 

-STREAM BV MEQ/L 
MG 

MEQ/L 
TH 

MEQ/L 
NA 

HEQ/L 

REGEN 1 EFFLUENT 0.00 40.42 25.68 66.10 105.26 
REGEN 1 EFf LUENT 1.22 115.77 64.61 180.38 260.55 
REGEN 2 EFFLUENT 2.45 112.28 59.75 172.03 318.83 
REGEN 2 INFLUENT 4.38 46.41 37.78 84.18 418.88 
REGEN 2 EFFLUENT 6.47 74.85 42.47 117.32 387.56 
REGEN 3 EFFLUENT 10.34 60.88 36.87 97.75 397.56 
REGEN 3 INFLUENT 11.27 5.59 21.65 27.23 526.32 
REGEN 3 EFFLUENT 12.20 64.37 41.48 105.85 374.08 
REGEN 3 EFFLUENT 14.07 55.39 27.16 82.55 378.43 
REGEN 3 EFFLUENT 15.93 48.90 21.23 70.14 421.92 
REGEN 3 EFFLUENT 17.79 53.39 22.80 76.19 413.22 
RINSE EFFLUENT 0.00 8.38 21.98 30.36 488.04 
RINSE EFFLUENT .64 10.98 20.91 31.88 481.08 
RINSE EFFLUENT 1.27 .25 .63 .88 76.12 
SERVICE EFFLUENT 1.27 .40 1.24 lo65 76.99 
SERVICE I NFLUENT 3.58 8.13 4.11 12.24 37.76 
SERVICE EFFLUENT 12.02 .05 .19 .24 43.93 
SERVICE EFFLUENT 22.51 .07 r20 .27 43.93 
SERVICE INFLUENT 41.96 8.13 3.94 12.08 37.67 
SERVICE EFFLUENT 43.50 .06 .21 .27 42.19 
SERVICE EFFLUENT 64.74 .32 3.33 3.66 37.84 
SERVICE EFFLUENT 75.23 1.15 6.43 7.58 33.93 
SERVICE INFLUENT 87.26 7.93 4.02 11.95 36.49 
SERVICE EFFLUENT 87.26 2.54 7.35 9.89 32.62 

CYCLE 3.23.33 

THROUGHPUT CA 

Service Performance Summary 

CYCLE 3.23.33 

AVERAGE CONCENTRATIONS, MEQ/L REMOVAL 
INFLUENT EFFLUENT DIFFERENCE % 

CA 8.07 .45 7.62 94 
MG 4.02 2.16 1.86 46 
TH 12.09 2.61 9.48 78 
NA 37.31 42.35 -5.04 

RESIN 
EQ/L 

CAPACITY 

,655 
.160 
.81S 
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FIGURE A- a FIGURE A- b 

MRJOR CF)TION CONCENTRDTICINS Mf?JOR CFlTION CONCENTRQTIONS OF 
OF !X REGENERflTION EFFLUENT 
CYCLE 3.23.33 

IX RINSE RN0 SERVICE EFFLUENTS 
CYCLE 3.23.33 

0 Calcium 
o Magnesium 
ATotal hardness 
0 Sodium 

Avq. influent 
concentrations,-meq/L 
Cat+ Reg 46.4 1,2 Reg 3 
Mg++ 37.8 21.6 5.59 7 

i2IO 

P 
20.9 

N- 
-l- 

2 
W 
Iz 

R ^, 

07 

TH 84.2 27.2 
Nat 419 526 

5’ 10 15 
BED VOLUMES 

4880 0 Calcium Avg. influent 
481 0 Magnesium 

31.9 ATotal hardness 
concentrations, meq/L 

10.4 OSodium Cat+ 8.07 
Mg++ 4.02 
TH 
Nat 

12.1 
37.3 0 

co 

J -J \ 

Service 

BED VOLUMES 

SODILJM INRI, CALCIUM ICB1, RND MRGNESIUM [MGI CBNCENTRRTIGNS RRE MERSURED BY RTLIMIC BBSORPTIGN. 
TOTAL HARDNESS [TM) IS CALCULRTED BY SUMMING TWE CRLCIUM RND MRGNESIIJM CONCENlRflTIGNS. 



MODE 

REGEN 1 

REGEN 2 

REGEN 3 

DRAIN 1 

RINSE 

SERVICE 

DRAIN 2 

c31-1 

Ion-Exchange - Run 3.24.00 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

a/25/79 

3.24.11 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS) 
Target Actual 
35 DO0 34’360 

Fresh regeneration flow rate (L/min) 
Recycled regenerant flow rate (L/min) 1:*: 
Recycled regenerant volume (L) 1 600 

1:-i 

Service termination point (meq/L Ca++) 
1 5;3 

3.0 3.1 

Height = 1102 nun 
Volume = 100.6L 

Chemical Compositions of Tank Waters Prior to Cycle 3.24.11 

PH Conductivity 
Tank units US/cm 

Recycle regenerant (T-5) 39 506 

Spent regenerant (~-6) 39 472 

Lime-softened feed (T-9) 7.4 5 069 

Lime softened feed (T-10) 7.4 5 059 

Fresh ED brine (T-28) 6.9 43 195 

IX product/ED feed (T-33) 7.2 5 la2 

..Ca++ 

meq/L 

46.0 

46.0 

7.6 

7.6 

6.4 

0.40 

Cycle 3.24.11 Operating Conditions 

DURATION THROUGHPUT VOLUME 
INPUT OUTPUT MIN L BV 

RE REGEN WASTE 10 267 2.65 26.7 .265 33. 30.0 

RE REGEN SP REGEN 101 1513 15.6 15.5 .154 17.0 29.9 

FR REGEN SP REGEN 89 703 6.99 7.92 .079 4.4 30.8 

(VENT) YASTE 3 62 .62 20.7 .205 0.0 

FEED WASTE 10 126 1.25 12.6 .125 0.0 

FEED PROOUCT 346 8750 07.0 25.3 ,251 0.0 

(VENT) WASTE 2 41 .42 20.7 .209 0.0 

Mg++ TH 
s meq/L 

41.0 87.0 

41 .o 87.0 

108.4 116.0 

106.4 114.0 

21.2 27.6 

1.92 2.32 

BED 
AVG FLOW RATE EXPANSION TEMPERATURE 
L/MIN BV/HIN 0 C 
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C31-2 

Fresh Regenerant Volume Balance 

Ru; 
Y 

cl ,‘“n;yo 
Date 

2 
a/23/79 
a/23/79 

06 a/24/79 
07 
08 
09 

8;24;79 
a/24/79 
a/25/79 
a/25/79 
8/26/79 

Fresh Fresh 
regenerant 
volume (Vj) 

regenerant 
TDS 

L w/L 

451 32 880 
451 32 880 
450 34 320 
703 34 320 
702 34 320 
702 34 320 
705 34 320 
703 34 110 

Service 
volume (V,) 

L 

7 860 3 300 
7 012 3 300 
7 634 3 300 
8 599 3 300 
7 916 3 300 
a 171 3 300 
a 066 3 300 
a 750 3 300 

Estimated 
ED feed 

TDS 
mg/L 

R 
x V3/(1-R)'/5 

91 0.66 
91 0.74 
92 0.70 
92 0.97 

9': 
1.06 
1.02 

92 1.04 
92 0.96 

Influent and Effluent Compositions during Cycle 3.24.11 

Pi( 

is5 (1 ions) 

Cocductivity 0 25.oC 

i. F. (lOS/cond.) 

Silica 

Calcium 

rdqnes1um 

Sodium 

Potarrrue 

Strontium 

OicAraonate 

C4WOnate 

Hydroxide 

Suifate 

Chloride 

w 

rini ts 

mg/L 

rS/cm 

mg/L 

mg/L 

q/L 

mg/L 

nq/L 

mglL 

mg/L 

q/L 

m9/L 

mg/L 

mg/L 

T-alkrllnity II MO, mg/L 

P-alkalinity LI C&O,, rg/L 

r Anions w/L 

z c4t1cnr megIL 

Control ,value ma/L 

32 181 21 905 29 773 

7.0 

34 360 

4 325.1 

7.9 

4.7 

118 

33 413 

5.2 4.0 4.0 

1 020 1 730 1 360 

4.4 

1 070 

1.4 7.2 

3 215 23 929 

503.7 3 193.0 

6.4 7.5 

4.4 4.4 

156 240 

565 612 570 286 457 55.0 203 

9 540 5 190 8 610 12 050 10 350 916 a 040 

52 33 49 105 63 8.5 6.9 

1.4 

3 398 

537.7 

6.3 

4.7 

17.0 

39.1 

1 150 

11.6 

16 24 20 1.1 17 I.8 3.9 0.1 

102.5 112.2 131.8 75.2 131.8 20.0 60.0 '23.4 

NO NO NO NO NO NO NO NO 

NO NO NO NO NO HO NO NO 

8 580 4 900 6 840 9 700 8 700 950 6 750 1 028 

12 300 9 300 12 180 12 020 12 620 1 094 .9 560 1 124 

84.0 92.0 108.0 61.6 108.0 16.4 49.2 19.2 

NO NO NO NO NO NO NO NO 

527:38 366.26 408.24 542.37 539.39 51.14 383.06 51.50 

514.06 363.83 4'31.65 556.30 543.21 52.41 380.24 54.39 

l 1.61 +0.42 -0.44 -1.64 -0.45 -1.41' : +0.47 -0.94 

iiinse 
c:f:“ent 
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c31-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MODE 
PROCESS 
STREAM 

REGEN 1 EFFLUENT 
REGEN 1 EFFLUENT 
REGEN 2 EFFLUENT 
REGEN 2 INFLUENT 
REGEN 2 EFFLUENT 
REGEN 3 EFFLUENT 
REGEN 3 INFLUENT 
REGEN 3 EFFLUENT 
REGEN 3 EFFLUENT 
REGEN 3 EFFLUENT 
REGEN 3 EFFLUENT 
RINSE EFFLUENT 
RINSE EFFLUENT 
RINSE EFFLUENT 
SERVICE EFFLUENT 
SERVICE INFLUENT 
SERVICE EFFLUENT 
SERVICE EFFLUENT 
SERVICE I NFLUENT 
SERVICE EFFLUENT 
SERVICE EFFLUENT 
SERVICE EFFLUENT 
SERVICE EFFLUENT 
SERVICE EFFLUENT 
SERVICE INFLUENT 
SERVICE EFFLUENT 

CYCLE 3.24.11 

THROUGHPUT CA 
BV MEQ/L 

0.00 45.91 
1.33 113.77 
2.65 100.80 
6.51 50.90 

10.36 56.39 
18.23 44.91 
19.09 5.89 
19.96 59.38 
21.69 54.39 
23.42 43.91 
25.24 60.88 

0.00 13.47 
.63 16.37 

1.25 .39 
1.25 .31 
3.51 8.33 
9.55 .19 

18.10 .l’, 
33.68 9.53 
34.94 ,18 
51.78 .18 
60.33 .28 
77.17 1.59 
85.72 2.50 
88.23 7.73 
88.23 3.14 

MG TH NA 
MEQ/L MEQ/L MEQ/L 

26.09 72.00 105.70 
72.02 185.79 274.03 
63.21 164.01 331.01 
46.50 97.40 414.96 
47.57 103.96 394.52 
42.88 87.79 423.23 
23.54 29.43 524.14 
44.03 103.41 452.37 
29.88 84.27 464.98 
22.88 66.79 487.60 
28.48 89.36 479.77 
21.81 35.28 511.53 
20.74 37.11 480.21 

.62 1.01 65.68 

.49 .80 76.60 
4.20 12.53 40.76 

.19 .38 52.68 

.I8 .38 52.20 
4.13 13.66 39.67 

.17 .35 51 .e1 
.38 .56 51.63 

1.81 2.10 50.28 
7.60 9.19 43.28 
7.37 9.86 41.02 
4.09 11.83 38.89 
7.50 10.64 40.37 

CA 
MG 
TH 
NA 

Service Performance Summary 

CYCLE 3.24.11 

AVERAGE CONCENTRATIONS, MEQ/L REMOVAL 
INFLUENT EFFLUENT DIFFERENCE % 

8.53 .60 7.93 93 
4.14 2.11 2.03 49 

12.67 2.71 9.96 79 
39.77 50.79 -11.01 

RESIN CAPACITY 
EQ/L 

.690 

.177 
.867 
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FIGURE A- a 

MQJOR CWZON CONCENTRQfIONS 
OF IX REGENERQTION EFFLUENT 
CYCLE 3oLY.!l 

0Calcium 
oMagnesium 
ATotal hardness 
OSodium 

TYCLE 3.3.11 

TH 97.4 29.4 
Nat 415 524 

0. 
Ln 

0 
PI 
m 

FIGURE A- b 

MflJOR Cf7TION CONCENTRRTIONS OF 
IX RINSE FlND SERVICE EFFLUENTS 

0 Calcium 
Avg. influent 

o Msgnesiuy 
concentrations, meq/L 

2 l%;l%;mhardness Ca++ 8.53 
Wl++ 4.14 
TH 12.T 
Na+. 39.8 

1 
28 

BED VOLUMES 

‘0 r 32 

Si3DIlJtl INRI, WLCIUM ICAl, RND MAGNESIUM [MGI CBNCENXRTIBNS RRE MERSURED BY R]GMIC flBSCRPTJCN. 
TOTAL HARDNESS :THI IS CRLCULtVED BY SUMMING TWE CRLCIUM AND MRGNESIUM CBNCENTRRlIUNS. 



C32-1 

Ion-Exchange - Run 3.25.00 

Date: a/29/79 

Cycle: 3.25.10 

Conditions: Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Target Actual 

Control variables: Fresh regeneration cont. (mg/L TDS) 35 000 33 300 
Fresh regeneration flow rate (L/min) 3.0 3.0 
Recycled regenerant flow rate (L/min) None None 
Recycled regenerant volume (L) None None 
Service termination point (meq/L Cat+) 3.0 3.1 

Standard resin bed: Height = 1102 mm 
Volume = 100.6L 

Chemical Compositions of Tank Waters Prior to Cycle 3.25.10 

PH 
Tank units 

Recycle regenerant (T-5) - 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 7.4 

Lime softened feed (T-10) 7.5 

Fresh ED brine (T-28) 7.1 

IX product/ED feed (T-33) 7.4 

Conductivity 
us/cm 

37 389 

37 084 

5 050 

4 970 

42 638 

5 515 

..Ca++ 

meq/L 

50.0 

58.0 

7.8 

a.0 

6.4 

0.6 

Mg++ TH 
rr,eq/C meq/L 

79.0 129.0 

68.0 126.0 

3.9 11.7 

3.5 11.5 

22.8 29.2 

1.48 2.08 

Cycle 3.25.10 Operating Conditions 

BED 
DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPANSION TEMPERATURE 

MODE INPUT OUTPUT HIN L BV L/HIN LlV/HIN 0 C 

REGEN 1 RE REGEN WASTE 10 232 2.31 23.2 .231 29. 21.3 

REGEN 3 FR REGEN SP REGEN 148 451 4.48 3.04 .030 4.4 29.5 

DRAIN 1 (VENT1 WASTE 3 62 .62 20.7 .205 0.0 

RINSE FEED WASTE 10 126 1.25 12.6 ,125 0.0 

SERVICE FEED PRODUCT 211 5317 52.9 25.2 .250 0.0 

DRAIN 2 (VENT) WASTE 2 41 .42 20.7 ,209 0.0 
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C32-2 

Fresh Regenerant Volume Balance 

Run 3.25.00 
Cycle no. 

03 
04 
05 

i; 
08 
09 
10 

Fresh 
regenerant 
volume (V3) 

Date L 

a/27/79 449 
a/27/79 451 
8127179 448 
a/28/79 449 
a/28/79 450 
a/28/79 450 
a/29/79 451 
8129179 451 

Fresh 
regenerant 

TDS 
mg/L 

34 310 
34 310 
34 310 
33 590 
33 590 
33 590 
33 a40 
33 a40 

Estimated 
Service ED feed 

volume (V,) TDS 
L mg/L 

5 946 3 300 
5 908 3 350 
5 563 3 300 
5 464 3 300 
5 562 3 300 
5 421 3 300 
5 340 3 300 
5 317 3 300 

92 0.90 

;; 0.91 0.96 

;: 0.97 0.95 
;; 0.99 0.98 

92 1.00 

Influent and Effluent Compositions during Cycle 3.25.10 

Units 

:i units 
-2s (I ions) m9lL 

kccucrrvity @ 25.oC US/cm 

:. c. (TWcand.) 

SiliCd m9fL 

Cl'CiC:a mg/L 

V:Sneriun m9/L 

S:eiun m9lC 

%tarriuz mg/L 

S:rOfltlUn m9lL 

3!CEr3Onate m9lL 

:tr:&l4:e mg/L 

'YdrOXlCe m9/L 

Sxl!ate rn9lL 

C'llOFl<C mg/L 

;-ehlinlty 1s C&CO, m9/L 

a-tlral!nrty 41 CaCO,, mglL 

I Anions meq/L 

: Crtionr rneq/L 

'33trol value meq/L 

Rinse 6 
Reqen 1 service Rlnrc Servlcc 

-nfluent rtfl 4 rliim +ni1uent effluent effluent --- 

27 999 19 610 

6.4 

7.1 

33 307 

4 292.1 

7.0 

3.7 

118 

265 

11 500 

100 

4.4 

81.8 

NO 

7.3 7.3 

26 431 4 516 

3 430.9 687.2 

7.7 6.6 

6.7 5.3 

1 280 

648 

7 840 

53 

23 

268.4 

NO 

5.6 

1 140 

652 

4 310 

31 

21 

102.5 

NO 

258 13 

179 33.3 

B 770 1 470 

59 15.4 

5.0 0.4 

63.4 24.4 

NO NO 

NO NO NO 

5 560 4 400 9 300 

12 320 8 320 11 920 

220.0 84.0 72.0 

NO NO NO 

461.83 328.11 531.42 

460.10 330.27 530.80 

l 1.05 -0.42 w.07 

7.4 

20 138 3 175 

505.6 

6.3 

5.2 5.8 

1 540 145 

613 52.0 

7 630 884 

46 E.0 

22 2.0 

122.0 22.0 

NO NO 

NO NO 

6 oao 946 

12 OR0 1 110 

100.0 18.0 

NO NO 

469.49 51.45 

460.85 50.22 

l 1.17 l 1.3s 

NO NO 

8 430 1 820 

8 660 1 114 

52.0 20.0 

NO NO 

421.01 69.81 

410.72 68.73 

l 1.55 to.90 
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C32-3 

MODE 
PROCESS 
STREAM 

THROUGHPUT CA 
EV MEQ/L 

MG 
MEQ/L 

TH 
MEQ/L 

NA 
MEQ/L 

REGEN 1 EFFLUENT 0.00 38.42 19.67 58.09 91.78 
REGEN 1 INFLUENT .69 63.87 53.33 117.21 341.02 
REGEN 1 EFFLUENT 1.15 107.78 67.16 174.94 215.31 
REGEN 3 EFFLUENT 2.31 117.76 66.42 184.18 264.90 
REGEN 3 I NFLUENT 2.85 5.89 21.81 27.70 500.22 
REGEN 3 EFFLUENT 3.42 100.80 69.14 169.93 299.26 
REGEN 3 EFFLUENT 4.57 79.84 52.92 132.76 343.63 
REGEN 3 EFFLUENT 5.69 50.90 28.23 79.13 405.83 
REGEN 3 EFFLUENT 6.78 45.41 23.62 69.03 356.68 
RINSE EFFLUENT 0.00 12.67 20.08 32.76 452.37 
RINSE EFFLUENT .63 16.87 18.19 35.06 426.27 
RINSE EFFLUENT 1.25 5.04 5.35 10.39 207.92 
SERVICE EFFLUENT 1.25 5.44 5.31 10.75 206.61 
SERVICE I NFLUENT 3.51 7.49 4.30 11.79 36.54 
SERVICE EFFLUENT 7.01 .ll .18 .29 46.98 
SERVICE EFFLUENT 12.52 .12 .l& .30 46.11 
SERVICE I NFLUENT 22.54 6.84 4.21 11.04 35.67 
SERVICE EFFLUENT 23.80 .ll .24 .35 46.11 
SERVICE EFFLUENT 35.07 .31 1.01 1.33 44.37 
SERVICE EFFLUENT 40.83 l 71 2.50 3.21 42.19 
SERVICE EFFLUENT 46.34 1.48 4.19 5.67 39.58 
SERVICE EFFLUENT 51.85 2.45 5.46 7.90 36.54 
SERVICE INFLUENT 54.11 7.39 4.33 11.71 35.89 
SERVICE EFFLUENT 54.11 3.09 5.71 8.81 36.54 

Service Performance Summary 

CYCLE 3.25.1rl 

AVERAGE CONCENTRATIONS, MEQ/L REMOVAL 

INFLUENT EFFLUENT DIFFERENCE % 

7.24 .88 6.36 88 
4.28 1.78 2.50 58 

11.52 2.66 8.86 77 

RESIN CAPACITY 
EQ/L 

CA 
MG 
TH 

.336 

.132 

.468 

NA 36.03 52.66 -16.63 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

CYCLE 3.25.10 
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FIGURE A- a 

MFlJOR CRTION CONCENTRATIONS 
OF IX REGENERRTION EFFLUENT 
CYCLE 3.25.10 

0 Calcium Avg. influent 
0 Magnesium concentrations, meq/L 

A Total hardness 
Cat+ 

!wl ___ Reg 3 
OSodium Mg++ 63.9 53.3 21.8 5.89 

TH 
Nat 

117 27.7 
341 500 

FIGURE A- b 

MFlJOR CFITION CONCENTRRTIONS UF 
IX RINSE f7ND SERVICE EFFLUENTS 
CYCLE 3.25.10 

4520 0 Calcium Avg. influent 
~426 o Magnesium concentrations, meq/L 

A Total hardness Cat+ 
0 Sodium 

Mg++ 
7.24 
4.28 

TH 
Nat 

11.5 
36.0 

SODIUM (NflI, CALCIUM ICAl, AND MAGNESIUM [MGI CONCENTRATIONS ARE MEASURED BY ATOMIC ABSORPTIUN. 
IOTAL HRRDNESS (TH1 IS CRLCULATED BY SUMMING THE CALCIUM RND MAGNESIUM CONCENTRATIONS. 



MODE INPUT 

aACKWAStl FEE0 YASTE 10 240 2.39 24.0 ,239 27. 

DRAIN 1 (VENT) WASTE 3 62 .62 20.7 ,205 0.0 

REGEN 3 FR REGEN WASTE 35 359 3.57 10.2 .lOl 0.4 

DRAIN 1 (VENT) WASTE 3 62 .62 20.7 ,205 0.0 

RINSE FEED WASTE 10 118 1.17 11.8 .117 0.0 

SERVICE FEED PRODUCT 131 3772 37.5 20.8 0286 0.0 

DRAIN 2 (VENT) WASTE 2 41 .42 20.7 ,209 0.0 

APPENDIX D - DATA FROM PHASE 3 

01-l 

Ion-Exchange - Run 4.01.00 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

g/9/79 

4.01.39 

Feedwater - Wellton-l.!owhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerant - fresh ED brine. 
Source of backwash - TX feedwater 

Taroe: Actual 
Fresh regeneration cont. (mg/L TDS) 
Fresh regeneration flow rate (L/min) 

%%- 33 418 

Recycled regenerant flow rate (L/min) 
10.0 10.2 

Recycled regenerant volume (L) 
None None 

Service termination point (meq/L Cat+) 
None None 

3.0 2.4 

Height =1102 N 
Volume z100.6 L 

Chemical Compositions of Tank Waters Prior to Cycle 4.01.39 

++ 
PH Conductivity 

e.Cat+ 
"9 TH 

Tank units US/cm neq/L -meq/L neq/C 

Recycle regenerant (T-5) 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 7.4 5 659 9.1 3.6 12.7 

Lime softened feed (T-10) 7.5 5 069 9.2 3.6 12.8 

Fresh ED brine (T-28) 7.0 43 469 9.6 16.4 26.0 

IX product/ED feed (T-33) 7.5 5 344 1.08 1.04 2.12 

Cycle 4.01.39 Operating Conditions 

DURATION THROUGHPUT VOLUME AVG FLOY RATE 
OUTPUT U I N L av L/HIN BV/HIN 

BED 
EXPANSION T~~PERA~IRE 

$ C 

28.6 

29.5 
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Dl-2 

Fresh Regenerant Volume Balance 

Run 4.01.00 
Cvcle no. & 

05 a/31/79 
06 a/31/79 

Fresh FlWSh 
mqencrant regenerant 
volume (V,) 105 

mgL 
-+----I 34 000 

451 34 000 
451 34 000 
451 34 000 
451 34 000 
451 34 000 
451 34 000 
451 34 000 
451 34 000 
451 34 000 
401 34 000 
401 34 000 
400 34 000 
400 34 000 
401 34 000 

27 916179 

:: 
37 

ii 

g/7/79 
917179 
9/7/19 
917179 
917179 
g/7/79 
9/a/79 
9%79 
9/a/79 
9/a/79 
9/g/79 
9/9/79 

358 
358 
359 
358 
359 
358 
359 
358 
358 

:: 
358 
359 

34 zoo 
34 200 
34 2GJ 
34 2co 
34 200 
34 200 
33 780 
33 760 

service 
volume (V,) 

Tkr- 
5 509 
5 376 
4 070 
4 935 
5 106 
4 709 
4 665 
4 778 
IO72 
4 449 
4 379 
4 329 
4 402 
4 473 
4 294 
3 551 
3 223 
3 168 
3 148 
3 193 
4 264 
3 927 
3 639 
3 a70 
3 996 
4 021 
4 469 
4 263 
4 426 
3 a68 
3 753 
4 173 
3 9w 
3 772 

Estimdtcd 
EO feed 

TOS 
W/L 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 

1.00 
1.32 
1.09 
1.05 
1.14 
1.15 
1.12 
1.32 
l.O! 
1.09 
1.10 
1.08 
1.07 
1.11 
1.18 
1.18 
1.21 
1.07 
1.06 
1.00 
1.08 
1.17 
1.10 
1.07 
1.06 
0.95 
1.00 
0.96 
1.10 
1.14 
1.02 
1.08 
1.12 

Influent and Effluent Compositions durinq Cycle 4.01.39 

Units 

?!f hits 

135 (C ions) w/L 

COnduct4vlty @ 25.oC uS/cm 

E. F. (TDSlcond.) - 

SillC4 m9lL 

CS!CiM w/L 

?aqncsiun v/L 

Sscium w/L 

Patesslum mq/L 

Srrontfum v/L 

3fc4rml4te WL 

Ctrhmate mq/L 

HydroxiZe mq/L 

Sulf4tc m9lL 

ChlorlCe mg/L 

T-rlktlinity Is CICO, mq/L 

hlktl!nlcy as CbCO,, mq/L 

1 Anions v/L 

I Cltloos meqlL 

Control vrluc scq/L 

Backwash ltegcneration 
Crfl Influent Emuent 

3 a22 

4.0 

203 

62.4 

I 060 

14 

SO.1 

73.2 

NO 

NO 

995 

1 410 

60.0 

NO 

61.77 

61.73 

l 0.01 

7.1 

33 418 

4 278.0 

7.a 

4.0 

179 

la5 

11 700 

95 

1.0 

74.2 

NO 

NO 

a aao 

12 300 

60.8 

NO 

533.24 

515.55 

-0.28 

23 795 

4.2 

i aoo 

449 

6 010 

47 

7.0 

97.6 

NO 

NO 

6 1130 

9 200 

80.0 

NO 

389.93 

389.55 

l 0.06 

Rinse h 
service 

IllflUtnt 

7.5 

3 i4a 

51a.2 

6.1 

3.3 

iao 

42.5 

a58 

a.1 

0.2 

22.0 

NO 

NO 

926 

1 106 

1.9.0 

NO 

50.96 

50.01 

l 1.o6 

Rinse 
effluent 

7.4 . 

22 280 

2 813.9 

1.9 

3.9 

800 

202 

6 960 

57 

5.2 

61.5 

NO 

NO 

5 a40 

a 350 

50.4 

NO 

35a.26 

360.67 

-0.42 

SCWiCC 
cfflucnt 

7.3 

3 442 

558.8 

6.2 

3.4 

31.5 

la.0 

1 160 

7.a 

0.1 

23.4 

NO 

NO 

1 008 

1 190 

19.2 

NO 

55.02 

53.71 

+1.37 
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Dl--3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MODE 

BACKWASH 
BACKWASH 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

THROUGHPUT 
Bv 

CA 
MEQ/L 

MG 
MEQ/L 

TH 
MEQ/L 

NA 
MEQ/L 

EFFLUENT 0.00 14.02 6.26 20.29 50.02 
EFFLUENT 1.19 9.28 4.26 13.54 41.45 
EFFLUENT 2.39 8.38 3.85 12.24 46.98 
INFLUENT 2.89 8.93 15.23 24.16 508.92 
EFFLUENT 3.30 149.20 67.00 216.20 225.75 
EFFLUENT 4.21 131.24 61.56 192.80 345.37 
EFFLUENT 5.12 104.79 46.67 151.46 363.64 
EFFLUENT 5.92 76.35 23.79 100.13 307.53 
EFFLUENT 0.00 64.87 23.46 88.33 482.82 
EFFLUENT .59 53.89 25.43 79.32 412.79 
EFFLUENT 1.17 3.32 1.22 4.54 77.42 
EFFLUENT 1.17 1.43 .76 2.18 67.42 
INFLUENT 3.75 8.08 3.58 12.46 37.36 
EFFLUENT 5.75 .62 .26 .88 48.72 
EFFLUENT 10.33 .61 .31 e92 50.02 
INFLUENT 18.06 8.58 3.36 11.94 37.36 
EFFLUENT 19.49 .59 .36 .96 54.37 
EFFLUENT 28.65 .83 1.02 1.85 49.15 
EFFLUENT 33.23 1.42 2.01 3.43 43.37 
EFFLUENT 37.81 2.10 3.58 5.68 41.45 
INFLUENT 38.67 8.53 3.19 11.73 37.28 
EFFLUENT 38.67 2.40 3.52 5.92 40.84 

CYCLE 4.01.39 

Service Performance Summary 

CYCLE 4.01.39 

AVERAGE CONCENTRATIONS, MEQ/L REMOVAL 
INFLUENT EFFLUENT DIFFERENCE % 

CA 8.67 .92 7.74 89 
MG 3.38 .96 2.42 72 
TH 12.04 1.88 10.16 84 
NA 37.34 50.29 -12.95 

RESIN CAPACITY 
EQ/L 

.290 

.091 

.381 
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FIGURE A- a 
MAJOR CQTION CONCENTRWIONS 
OF IX REGENERFHION EFFLUENT 

o Magnesium 
A Total hardness 
O Sodium 

Avg. influent 
concentrations, meq/L 

CazI 
b3 -- 
8.93 

4’ ’ 15.2 
TH 
Na+ 

24.2 
509 

/a 

FIGURE A- b 
MFIJOR CQTION CONCENTRRTTONS OF 
IX RINSE RN0 SERVICE EFFLUENTS 
CYCLE 4.01.39 

0 Calcium Avg. influent 
0 Magnes,ium concentrations, meq/L 
A Total hardness 
o Sodium Ca++ 

Mq++ 8.67 3.38 
TH. 
Nat 

12.0 
37.3 ' 

I I 
10 

I 

BE0 ZLUMES 
30 

%lDIUH INRI, CRLCIUfl ICAI, RND MAGNESIUM (MGI CBNCENTRATIONS ARE MEfWJRED BY fjTOMIC flBSORPTION. 
IOTQL HF1RDNESS [THI IS CALCULRTED BY SUMMING THE CALCIUM RND MAGNESIUM CONCENTRATIIINS. 



DZ-1 

Ion-Exchange - Run 4.01.00 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

9/l l/79 

4.01.51 

Feedwater - \!ellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerant - fresh ED brine. 
Source of backwash - IX feedwater. 

Fresh regeneration cont. (mg/L TDS) 
33a;;;t Actuai 

33 7.30 
Fresh regeneration flow rate (L/min) 8.0 0.2 
Recycled regenerant flow rate (L/min) None None 
Recycled regenerant volume (L) None None 
Service termination point (meq/L Cat+) 3.0 2.6 

Height = 1102 mm 
Volume = 100.6L 

Chemical Compositions of Tank Waters Prior to Cycle 4.01.51 

PH Conductivity --Cat+ Mg++ TH 
Tank units US/cm -meq/L meq/L meq/L 

Recycle regenerant (T-5) 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 7.4 4 145 9.4 3.4 12.8 

Lime softened feed (T-10) 7.3 5 055 9.4 3.4 12.8 

Fresh ED brine (T-28) 6.8 4 154 10.4 13.2 23.6 

IX product/ED feed (7-33) 7.3 5 530 0.72 0.56 1.28 

Cycle 4.01.51 Operating Conditions 

DURATION THROUGHPUT VOLUME AVG FLOW RATE 
MODE INPUT OUTPUT MIN L EV L/HIN BV/HIN 

BACKWASH FEED WASTE 10 219 2.b8 24.9 .240 27. 

DRAIN 1 (VENT) WASTE 3 62 .62 20.7 ,205 0.0 

REGEN 3 FR REGEN WASTE b6 375 3.73 8.2b .082 b.5 

DRAIN 1 (VENT) WASTE 3 62 .62 20.7 l 205 0.0 

RINSE FEED WASTE 10 130 1.29 13.0 .I29 0.0 

SERVICE FEED PRODUCT 134 bO56 b0.3 30.3 .301 0.0 

DRAIN 2 (VENT) HASTE 2 41 .b2 20.7 .209 0.0 
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D2-2 
FreshFR$genF;$nt Volume 

rcgcnerant rcgenarrnt service 
Run 4.Ol.W volume (V,) 10s 

C"Cl? "O. w 
volume (V,) 

8131179 -*+ 2 
01 
oa 
09 

i: 

2 

1: 

if 

it: 
20 
21 
22 
21 
24 
25 
26 

:iJ 
29 

:: 
32 

:: 

:i 
31 

:", 
40 
41 
42 
41 
44 
45 
46 
47 
48 
49 
50 
51 

8131/7¶ 
at31179 
9/l/79 
911179 
9/l/79 
9/I/79 
911179 
9/z/79 
9/z/ 79 
912179 
912179 
9/2/ 79 
913179 
9/3/79 
913179 
913179 
9/3/79 
9/a/79 
9/4/79 
g/4/79 
9/b/79 
9/b/79 
917179 
9/7/79 
9/7/79 
9/7/79 
9/7/79 

::i::; 
9/a/79 
9/a/79 
9/8/79 
9/9/79 
919179 
9/g/ 79 
9/g/79 
9/9/79 
919179 
9/10/79 
9/1c’79 
9l10179 
9/10/?9 
9/10/79 
9/10/79 
9/11/79 
g/11179 

451 
451 
451 
451 
451 
451 
451 
451 
451 
451 
401 
401 
400 
400 
401 
400 
320 
322 
322 
tao 
280 
358 
358 
358 
353 
358 
359 
358 
359 
358 
358 
358 
359 
358 
359 
372 
371 
376 
37? 
377 
378 
370 
382 
376 
377 
378 
375 

34 000 s 509 
34 000 5 376 
34 000 4 070 
34 000 4 935 
34 000 5 106 
34 000 4 709 
34 000 4 665 
34 000 4 778 
34 000 4 072 
34 000 4 449 
34 000 4 379 
34 000 4 329 
34 000 4 402 
34 000 4 473 
34 000 4 294 
34 000 3 551 
34 000 3 223 
34 640 3 168 
34 640 3 108 
34 640 3 193 
34 260 4 264 
34 260 3 927 
34 too 3 639 
34 200 3 a70 
34 200 3 996 
34 200 4 021 
34 zoo 4 469 
34 200 4 263 
34 2co 4 426 
34 zoo 3 868 
34 200 3 751 
34 200 4 173 
33 780 3 900 
33 780 3 772 
33 780 4 096 
33 780 3 760 
33 7ao 3 a75 
33 7ao 3 a37 
33 420 3 9bO 
33 420 3 743 
33 420 3 707 
33 420 4 119 
33 420 3 a22 
33 420 3 61.9 
33 000 4 125 
31 000 4 056 

3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3.300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 100 
3 300 
3 300 
3 300 
3 330 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 

ii 

;: 

i: 
91 
92 
92 
92 

i: 
92 

i: 
92 
92 
92 
92 
92 
92 
92 

;: 

;: 
92 
92 
92 
92 

i: 
92 
92 
92 

ii: 

9': 

iI 

;1 
91 
91 
91 
91 

1.09 
1.0s 
1.14 
1.15 
1.12 
1.32 
1.07 
1.09 
1.10 

i::; 
1.11 
l.la 
1.1s 
1.21 
1.07 
1.06 
1.00 
1.08 
1.17 
1.10 
1.07 
1.06 
0.95 
1.00 
0.96 
1.10 
1.14 
1.02 
l.aS 
1.12 
1.07 
1.16 
1.14 
1.16 
1.11 
1.17 
1.19 

E 
1:21 
1.05 
1.06 

Influent and Effluent Compositions during Cycle 4.01.51 

Backwash 
ef 

Aeqenerafian 
n Effluent 

-Rinse b 
SewIce 

influelt 

7.4 

3 144 

517.8 

6.1 

3.8 

175 

48.6 

a47 

7.9 

0.6 

27.3 

NO 

Rinse 
effluent 

7.4 

20 092 

2 825.9 

7.1 

4.1 

480 

Balance 
Estlmatcd 
LO feed 

TOS 
W/L J- 
3 300 92 
3 300 
3 300 
3 300 
3 300 
3 300 

Vl/(l-S)V, 
0.92 
0.97 

12 

3 891 

4.0 

209 

60.0 

1 040 

10 

‘0.1 

87.0 

ND 

NO 

1 la0 

1 300 

72.0 

NO 

62.76 

60.86 

l 1.76 

7.0 

33 730 

4 314.7 

7.0 

3.9 

196 

152 

11 970 

95 

5.0 

68.1 

NO 

NO 

9 200 

12 040 

56.0 

NO 

532.48 

345.52 

-1.55 
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25 577 

4.4 

I 880 

372 

6 600 

50 

9.0 

122.0 

NO 

124 

6 680 

57 

5.0 

52.2 

NO 

NO NO NO 

7.2 

3 338 

562.9 

5.9 

3.6 

26.3 

16.3 

1 150 

11.5 

0.1 

25.9 

NO 

NO 

7 040 934 5 650 950 

9 500 I 100 7 040 I 160 

100.0 22.4 42.8 21.2 

ND ND NO NO 

416.71 51.01 317.21 53.01 

413.00 49.79 326.30 52.68 

l 0.57 $1.36 -1.81 ~3.16 



D2-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MODE 

BACKWASH 
BACKWASH 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

THROUGHPUT CA 
BV MEQ/L 

MG 
MEQ/L 

TH 
MEQ/L 

NA 
MEQ/L 

EFFLUENT 0.00 12.52 5.95 18.48 50.02 
EFFLUENT 1.24 9.08 4.45 13.53 44.80 
EFFLUENT 2.48 8.48 4.17 12.66 41.32 
I NFLUENT 3.13 9.78 12.51 22.29 520.66 
EFFLUENT 3.87 154.19 56.95 211.15 297.96 
EFFLUENT 4.52 115.77 43.70 159.47 336.23 
EFFLUENT 5.26 88.82 33.00 121.83 364.94 
EFFLUENT 6.24 81.84 28.31 110.15 373.21 
EFFLUENT 0.00 31.94 17.86 49.80 487.17 
EFFLUENT .65 27.94 13.00 40.95 338.84 
EFFLUENT 1.29 1.05 .71 1.76 77.86 
EFFLUENT 1.29 1.02 .69 1.71 75.25 
INFLUENT 5.81 8.93 4.15 13.08 36.41 
EFFLUENT 8.81 .35 .21 .56 48.72 
EFFLUENT 10.32 .37 .20 .57 45.67 
INFLUENT 18.44 8.33 4.01 12.34 35.89 
EFFLUENT 19.35 .38 r24 .62 51.76 
EFFLUENT 28.37 .59 .69 1.29 52.20 
EFFLUENT 32.88 .87 1.59 2.46 50.89 
EFFLUENT 37.40 1.89 3.26 5.15 44.80 
I NFLUENT 41.61 8.68 3.93 12.62 36.84 
EFFLUENT 41.61 2.64 4.56 7.20 42.19 

CYCLE 4.01.51 

Service Performance Summary 

CYCLE 4.01.51 

AVERAGE CONCENTRATIONS, MEQ/L REMOVAL 
INFLUENT EFFLUENT DIFFERENCE % 

CA 8.65 .81 7.84 91 
MG 4.03 1.05 2.98 74 
TH 12.68 1.86 10.82 85 
NA 36.38 51.54 -15.16 

RESIN CAPACITY 
EQ/L 

.316 

.120 

.436 
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FIGURE A- a FIGURE A- b 

MRJOR CRTION CONCENTRRTIONS MFlJOR CDTION CONCENTRRTIONS OF 
OF IX REGENERR'TION EFFLUENT IX RINSE FlND SERVICE EFFLUENTS 

0 Magnesium 
ATotal hardness 
~Sodium 

Avg. influent 
CYCLE 11.01.51 

concentrations, meq/L 487 o 
a Calcium Avg. influent 

ca+t 
Req 339 0 Maanesium concentrations, meq/L -- 

Mg++ 

--- 9.78 49.8 41 .o ATotal ha bdness r 

12.5 3-i .9 0 Soditrm Cat+ 8.65 4.03 
TH 22.3 17.9 

27.9 Mq++ 

Nat 
TH 12.7 

521 13.0 Na+ < 36.4 

11 33 

SCIDIUH INAl, CALCIUH (CA), RN0 MAGNESIUM (MCI CDNCENTRATIONS RRE MEflSURED BY ATOMIC F$lSORPlION. 
[OTflL HRRONESS [THI IS CFlLCULRTEO BY SUMMING TkiE CRLCIUM RND MRGNESIUM CONCENTRATIONS. 



MODE 

REGEN 1 

REGEN 2 

REGEN 3 

DRAIN 1 

RINSE 

SERVICE 

DRAIN 2 

D3-1 

Ion-Exchange - Run 4.02.00 

Date: 

Cycle: 

Conditions: 

INPUT 

Control variables: 

Standard resin bed: 

9/16/79 

4.02.27 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS) 3T!%% * 
Fresh regeneration flow rate (L/min) 24.0 24.3 
Recycled regenerant flow rate (L/min) 24.0 23.6 
Recycled regenerant volume (L) 1 600 1 589 
Service termination point (meq/L Cat+) 3.0 2.3 

Height =1102 mm 
Volume =100.6L 

Chemical Compositions of Tank Waters Prior to Cycle 4.02.27 

PH Conductivity ..Ca++ Ng++ TH 
Tank units us/cm meq/L meq/L meq/L 

Recycle regenerant (T-5) - 59.0 45.0 104.0 

Spent regenerant (~-6) 61.0 46.0 107.0 

Lime-softened feed (T-9) - 9.4 3.4 12.8 

Lime softened feed (T-10) - 9.4 3.4 12.8 

Fresh ED brine (T-28) 7.6 16.0 23.6 

IX product/ED feed (T-33) - 0.64 1.36 2.00 

Cycle 4.02.27 Operating Conditions 

BED 
DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPANSION TEMPERATURE 

RE REGEN 

RE REGEN 

FR REGEN 

(VENT1 

FEED 

FEED 

(VENT) 

OUTPUT 

WASTE 10 251 2.49 25.1 ,249 29. 28.2 

SP REGEN 67 1589 15.0 23.7 .235 31.0 28.9 

SP REGEN 22 540 5.37 24.3 .242 30. 30.9 

WASTE 3 62 .62 20.7 ,205 0.0 

WASTE 10 132 1.31 13.2 .131 0.0 

PRODUCT 217 6508 64.7 30.0 .298 0.0 

WASTE 2 41 .42 20.7 ,209 0.0 

MIN L BV L/MIN BV/HIN it C 
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D3-2 

Fresh Regenerant Vo-lume Balance 

Fresh 
regenerant 

Run 4.02.00 volume (Vj) 
Cvcle no. & L 

ii ~;1~::~ 400 387 

z: 9114179 g/14/79 402 399 

;: g/14/79 9/l 5179 401 400 
24 g/15/79 401 

z: g/15/79 g/16/79 522 540 
27 9/16/?9 540 

Fresh 
regenerant 

TDS 
mq/L 

33 090 6 334 3 300 91 0.71 
33 090 6 134 3 300 91 0.75 
33 090 6 064 3 300 91 0.76 
33 090 6 017 3 300 91 0.76 
33 090 5 782 3 300 91 0.80 
33 090 5 472 3 300 91 0.84 
33 090 5 a21 3 300 91 0.79 
33 090 5 483 3 300 91 1.09 
33 420 6 191 3 300 91 1.02 
33 420 6 508 3 300 91 0.96 

Influent and Effluent Compositions during Cycle 4.02.27 

Units 

PH iinitr 

10s (r ions) m9/L 

Conductivity 3 25.V d/cm 

E. F. (TDSlcond.) - 

SillC& m9lL 

Calcium m9tL 

Na5nesium mg/L 

Sodium m9fL 

Potassium q/L 

stront1un mph 

DIc&rbonrtc m9lL 

Cbrbon&te rn9lL 

Hyaroxide mg/L 

Suifab m5lL 

Chloride m9lL 

T-rlhlinlty ~5 CaC.0, mg/L 

P.4ikrIlnlty 41 C~t0,~ P9/L 

C Anion, meq/L 

c cat1ona mrq/L 

Control value w/l 

28 091 20 626 

2.6 3.2 

1 110 1 560 

593 614 

8 300 4 940 

58 45 

26 22 

141.5 122.0 

NO NO 

NO NO 

5 460 4 220 

12 400 9 100 

116.0 100.0 

NO ND 

465:93 346.68 

461.30 344.69 

-0.19 l 0.33 

Service 
volume (Vs) 

L 

Estimated 
ED feed 
TDS 
mq/L 

27 772 

3.4 

1 310 

655 

1 660 

57 

25 

122.0 

NO 

NO 

5 540 

12 400 

100.0 

ND 

467.21 

454.49 

+I .?4 

7.2 

32 328 

4 189.7 

I.7 

3.3 

138 

196 

11 loo 

93 

4.4 

71.2 

NO 

NO 

6 640 

12 060 

60.0 

ND 

522.02 

506.34 

.I .6? 

31 407 

3.6 

1 080 

415 

9 460 

65 

21 

122.0 

NO 

NO 

7 a40 

12 400 

100.0 

ND 

515.18 

501.68 

+I .67 

Rinse 
e:::uent 

1.5 1.3 7.4 

3 125 20 349 3 294 

504.6 2 821.7 531.2 

6.2 1.2 6.2 

3.0 3.2 3.0 

151 288 19.2 

50.1 139 29.1 

868 6 610 1 100 

a.4 

2.0 

22.4 

NO 

NO 

924 

1 096 

la.4 

NO 

50.60 

49.67 

l 1.04 .! 

58 11.0 

5.9 0.1 

55.1 23.4 

ND NO 

NO NO 

5 580 986 

7 610 1 122 

45.2 19.2 

NO NO 

331.88 52.64 

314.96 51.49 

l 3.22 l 1.26 
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D3-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MODE 

REGEN 1 
REGEN 1 
REGEN 2 
REGEN 2 
REGEN 2 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

THROUGHPUT CA 
BV MEQ/L 

MG 
MEQ/L 

TH 
MEQ/L 

NA 
MEQ/L 

EFFLUENT 0.00 45.91 25.02 70.93 102.22 
EFFLUENT 1.25 107.29 74.32 181.61 233.14 
EFFLUENT 2.49 89.32 63.37 152.70 317.09 
INFLUENT 5.08 55.39 48.81 104.20 361.03 
EFFLUENT 10.25 63.87 50.70 114.57 339.28 
EFFLUENT 18.24 54.89 47.74 102.63 350.59 
INFLUENT 19.21 6.89 16.13 23.02 482.82 
EFFLUENT 19.69 53.39 40.74 94.13 413.22 
EFFLUENT 20.90 52.40 34.40 86.80 443.67 
EFFLUENT 21.87 45.91 27.16 73.07 439.32 
EFFLUENT 23.56 41.42 22.72 64.13 448.02 
EFFLUENT 0.00 25.95 20.33 46.28 469.77 
EFFLUENT .66 17.61 13.58 31.20 361.03 
EFFLUENT 1.31 .29 .39 .68 59.59 
EFFLUENT 1.31 .31 .36 .67 58.29 
I NFLUENT 4.00 6.39 4.24 10.63 35.54 
EFFLUENT 9.06 .26 .23 .49 48.72 
EFFLUENT 16.81 .31 .23 .54 49.59 
INFLUENT 31.72 8.48 4.13 12061 36.02 
EFFLUENT 32.61 .33 .29 .62 49.15 
EFFLUENT 48.12 .65 2.13 2.79 47.85 
EFFLUENT 55.87 1.23 4.56 5.79 44.80 
EFFLUENT 63.62 3.04 6.17 9.22 44.80 
I NFLUENT 66.00 8.03 4.09 12.12 36.76 
EFFLUENT 66.00 2.35 6.35 8.69 39.06 

CYCLE 4.02,27 

Service Performance Summary 

CYCLE 4.02.27 

AVERAGE CONCENTRATIONS, MEQ/L REMOVAL 
I NFLUENT EFFLUENT DIFFERENCE % 

CA 7.63 .73 6.90 90 
MG 4.15 1.69 2.46 59 
TH 11.79 2.42 9.36 79 
NA 36.10 48.44 -12.34 

RESIN CAPACITY 
EQ/L 

.446 

.159 

.606 
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FIGURE A- a FIGURE A- b 

MRJOR CflTION CONCENTRRTIONS MFlJOR Cf3TTCIN CONCENTRRTTONS OF 
OF IX REGENERRTION EFFLUENT TX RINSE RND SERVICE EFFLUENTS 
CYCLE 4.02.27 CYCLE Y-02.27 

0 Calcium 
0 Magnesium 
ATotal hardness OSodium Cat+ Reg 1,2 3 46.: 55.4 Reg 6*8g 

20.3 26 C Mg++ 48.8 16.1 
TH 104 23.0 
Nat 361 483 

I’ 
G 

BED VOLUMES 
18 

0 Calcium Avg. influent 

361 0 Magnesi'um concentrations, meq/L 
A Total hardness 

b31.2 0 Sodium Cat+ 7.63 

17.6 
13.6 

M?J++ 4.15 
TH 
Nat 

11.8 
36.1 ' 

I 8’ 
SI3DItJM INRI, CALCIUM ICB)/ AND MflGNESIUM (MGI CONCENTRATIONS ARE MEASURED BY BTDMIC RBSORPTION. 
[GTBL MHRDNESS [TH) IS CALCULRTED BY SUMMING THE CflLCIUM RND MRGNESIIJM CCNCENTRBTIONS. 



D4-1 

Ion-Exchange - Run 4.02.00 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

g/la/79 

4.02.34 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in irain IV) with high lime dosage for silica removal 
Regenerants - recycled regenel;ant and fresh ED brine 

Target Actual 
Fresh regeneration cont. (mg/L TDS) 35 000 34 370 
Fresh regeneration flow rate (L/min) 12.0 12.8 
Recycled regenerant flow rate (L/min) 24.0 23.2 
Recycled regenerant volume (L) 
Service termination point (meq/L Cat+) 

1 600 1 586 
3.0 2.8 

Height -1102 IMJ 
Volume =100.6L 

MODE INPUT OUTPUT 

Chemical Compositions of Tank Waters Prior to Cycle 4.02.34 

Tank 

Recycle regenerant (T-5) 

Spent resenerant (~-6) 

Lime-softened feed (T-9) 

Lime softened feed (T-10) 

Fresh ED brine (T-28) 

IX product/ED feed (T-33) 

PH Conductivity ..Ca++ 

units us/cm meq/L 

- 36 327 47.0 

36 940 47.0 

7.36 4 940 9.0 

7.65 4 950 a.8 

7.01 42 445 a.0 

7.41 4 749 0.64 

Mg++ TH 
meq/L mes/L 

45.0 92.0 

56.0 103.0 

3.8 12.8 

4.4 13.2 

17.6 25.6 

1.52 2.16 

Cycle 4.02.34 Operating Conditions 

REGEN 1 RE REGEN WASTE 10 254 2.52 25.4 .252 30. 

REGEN 2 RE REGEN SP REGEN 6fJ 1586 15.8 23.2 .231 31.0 

REGEN 3 FR REGEN SP REGEN 42 540 5.37 12.8 ,127 11. 

DRAIN 1 IVENT) WASTE 3 62 .62 20.7 .205 0.0 

RINSE FEED UASTE 10 132 1.31 13.2 .131 0.0 

SERVICE FEED PRODUCT 225 6791 67.5 30.2 .300 0.0 

DRAIN 2 (VENT) WASTE 2 41 .42 20.7 .209 0.0 

DURATION THROUGHPUT VOLUME AVG FLOW RATE 
MIN L BV L/HIN L)V/HIN 

BED 
EXPANSION TEMPERATURE 

$ C 

27.3 

27.0 

26.0 
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Run 4.02.00 
Cycle no. 

20 
21 
22 
23 

2 
26 

29 
30 
31 
32 

33 
34 

D4-2 

Fresh Regenerant Volume Balance 

Fresh Fresh Estimated 
regenerant regenerant Service ED feed 
volume (Vj) TDS volume (V,) TDS 

- c ma Date L w/L 2 '/s/(1-R)VI 

g/13/79 
g/14/79 
g/14/79 
g/14/79 
g/14/79 
g/15/79 
g/15/79 
9/l 5179 
g/16/79 
g/16/79 
g/16/79 
g/16/79 
9117179 
g/17/79 
g/17/79 

9/18/79 
9118179 

387 33 090 
400 33 090 
402 33 090 
399 33 090 
401 33 090 
400 33 090 
401 33 090 
522 33 090 
540 33 420 
540 33 420 
600 33 420 
600 33 420 
602 33 030 
602 33 030 
541 33 030 

541 33 690 
540 33 690 

6 334 
6 134 
6 064 
6 017 
5 782 
5 472 
5 821 
5 483 
6 191 
6 508 
6 848 
6 581 
6 748 
6 776 
6 553 
6 852 
6 791 

3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 

0.71 
0.75 

ii 0.76 0.76 

ii 0.80 0.84 

;: 0.79 1.09 
91 1.02 

;: 0.96 1.02 
91 1.06 
92 1.03 
92 0.92 
92 0.95 
92 0.93 
92 0.94 

Influent and Effluent Compositions during Cycle 4.02.34 

;.4 

TX (c ions) 

i3ncuct1vity 0 25.oc 

1. i. (iX/cond.) 

51;1ca 

:L;ClL.‘I 

Vlrntrium 

S:dl Um 

Js;arrius 

s:r:ntim 

jlCar3Ontte 

C4hVlttt 

hydroxide 

suiiate 

chloride 

;-r;talinlty aI CaCO, 

?.c;aa:inrty 4s cm,, 

c hnionr 

c ia:ionr 

;,ntro1 vc:ue 

2? 767 19 621 27 939 

2.6 2.8 2.6 

1 020 I 510 1 450 

604 612 701 

8 120 4 600 7 680 

49 29 49 

22 22 25 

248.9 107.4 131.8 

NO NO NO 

NO NO NO 

5 200 4 100 5 200 

7.2 

34 370 

4 157.2 

a.3 

3.3 

143 

231 

12 100 

105 

2.9 

84.9 

NO 

NO 

9 400 

31 020 

3.4 

1 010 

444 

9 400 

61 

20 

122.0 

NO 

NO 

7 a80 

7.4 7.2 ?.5 

3 239 21 705 1433 

501.9 2 907.2 530.4 

6.4 1.5 6.5 

2.9 2.9 2.a 

172 302 20.2 

48.6 134 29.0 

a90 7 360 1 170 

7.7 54 10.7 

2.2 5.1 0.2 

25.4 26.8 29.8 

MO NO NO 

NO NO MO 

960 5 a50 1 040 

12 500 8 640 12 7w 12 300 12 060 I 130 7 970 1 130 

204.0 aa. ioa.0 69.6 100.0 20.a 22.0 24.4 

HO NO NO NO "0 NO NO NO 

465.09 310.97 468.81 544.25 506.42 52.36 147.20 54.10 

455.56 327.04 465.92 555.24 

a.75 l 0.39 -1.29 

498.84 

.0.95 

51.54 

ma9 

347.75 

-0.10 

54.57 

-0.49 

Rinse b 
service 

influent 
Rinse service 

effluent cffluen: -- 
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D4-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MODE 

REGEN 1 
REGEN 1 
REGEN 2 
REGEN 2 
REGEN 2 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

THROUGHPUT CA 
BV MEQ/L 

MG 
MEQ/L 

TH 
MEQ/L 

NA 
MEQ/L 

EFFLUENT 0.00 24.95 12.59 37.54 68.73 
EFFLUENT 1.26 103.29 66.50 169.80 221.40 
EFFLUENT 2.52 97.31 66.26 163.56 276.64 
I NFLUENT 6.22 50.90 49.71 100.61 353.20 
EFFLUENT 10.14 59.38 51.19 110.57 339.28 
EFFLUENT 18.22 52.40 46.58 98.98 352.33 
I NFLUENT 18.98 7.14 19.01 26.15 526.32 
EFFLUENT 19.62 56.39 41.40 97.79 404.52 
EFFLUENT 21 .Ol 46.41 28.48 74.88 423.23 
EFFLUENT 22.41 40.42 24.12 64.53 421.92 
EFFLUENT 23.55 43.41 28.81 72.22 389.73 
EFFLUENT 0.00 25.95 19.92 45.87 508.92 
EFFLUENT .66 19.46 15.47 34.93 393.21 
EFFLUENT 1.31 .39 .3s .73 61.77 
EFFLUENT 1.31 .37 .30 .67 60.03 
I NFLUENT 4.01 8.73 3.54 12.27 36.76 
EFFLUENT 10.01 .22 .15 .41 50.02 
EFFLUENT 18.41 .22 .16 038 49.15 
I NFLUENT 34.91 8.23 4.26 12.49 37.28 
EFFLUENT 35.51 .19 .30 .49 47.85 
EFFLUENT 52.62 .72 3.37 4.08 46.98 
EFFLUENT 61.32 1.85 6.07 7.91 44.37 
I NFLUENT 68.82 8.98 4.16 13.14 36.06 
EFFLUENT 68.82 2.84 7.23 10.07 39.36 

CYCLE 4.02.34 

Service Performance Summary 

CYCLE 4.02.34 

AVERAGE CONCENTRATIONSI MEQ/L REMOVAL 
INFLUENT EFFLUENT DIFFERENCE 95 

CA 8.65 .66 7.99 92 
MG 3.98 1.92 2.06 52 
TH 12.63 2.58 10.05 80 
NA 36.70 48.10 -11.40 

RESIN CAPACITY 
EQ/L 

.539 

.139 

.679 
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FIGURE A- a FIGURE A- b 

MFlJOR CQTION CONCENTRQTIONS MftJOR CFITION CONCENTRRTIONS OF 
OF IX REGENERWION EFFLUENT TX RINSE ON0 SERVICE EFFLUENTS 
CYCLE Y.T)'L.'lil CYCLE 4.02.34 

Avg. influent 

Til 101 26.2 
Na+ 353 526 

+---5----i+- 
6 12 18 211 

BED VOLUMES 

0 Calcium 
0 Magnesium 
A Total hardness 
0 Sodium 

0 Calciuv Avg. influent 
393 0 Magnesium concentrations, meq/L 

A Total hardness 
-34.9 0 Sodium Cat+ 8.65 

Mg++ 3.98 
TH 
Nat 

12.6 
36.7 ’ 

/-- Rinse 
Serb ce 

n- 
z b f&-j&- 

OO 
i I I 

18 36 511 ; 
BED VOLUMES 

SODIUH INAl, CRLCIUM [CAI, RND MAGNESIUM (FIG) CONCENTRRTIBNS RRE MEASURED BY RlUMIC RBWRPTION. 
107flL KRRDNESS (341 IS CALCULR-TED BY SUMMING 'WE CRiCIUM RN0 MRGNESIUM CBNCEN'TRATIaNS. 



MODE INPUT 
DURATION THROUGHPUT VOLUME AVG FLOY RATE 

OUTPUT MIN L BV L/HIN tJV/HIN 

BED 
EXPANSION TEMPERATURE 

$ C 

REGEN 1 RE REGEN WASTE 10 251 2.50 25.1 .250 31. 28.7 

REGEN 2 WE RtGEN SP AEGEN 57 1589 15.8 23.6 ,235 31.0 28.5 

REGEN 3 FR HEGEN SP REGEN 23 541 5.36 24.0 .239 31. 20.7 

DRAIN 1 lVEN1) WASTE 3 62 .62 20.7 ,205 0.0 

RINSE FEED WASTE 10 129 1.28 12.9 .128 0.0 

SERVICE FEED PRODUCT 231 6889 68.5 29.8 ,296 0.0 

DRAIN 2 (VENT1 WASTE 2 41 .42 20.7 .209 0.0 

D5-1 

Ion-Exchange - Run 4.02.00 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

9/20/79 

4.02.42 

Feedwater - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 

Target Actual 
Fresh regeneration cont. (mg/L TDS) 
Fresh regeneration flow rate (L/min) 

35 000 
24.0 

Recycled regenerant flow rate (L/min) 

33246300 

24.0 
Recycled regenerant volume (L) 

2310 
1 600 

Service termination point (meq/L Cat+) 
1 600 

3.0 2.7 

Height =1102 mm 
Volume =100.6L 

Chemical Compositions of Tank Waters Prior to Cycle 4.02.42 

Tank 
PH Conductivity v-Catt Mgtt TH 

units us/cm meq/L s mes/L 

Recycle regenerant (T-5) 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 

Lime softened feed (T-10) 

Fresh ED brine (T-28) 

IX product/ED feed (T-33) 

- 

7.5 

7.6 

7.2 

7.4 

37 236 52.0 49.0 101.0 

37 179 54.0 49.0 103.0 

4 916 8.8 4.0 12.8 

4 863 a.8 4.0 12.8 

41 728 9.6 20.8 30.4 

4 962 0.6 1.16 1.76 

Cycle 4.02.42 Operating Conditions 
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DS-2 

Fresh .Regenerant,Volume Balance 

Fresh Fresh Estimated 
regenerant Service 

Run 4.02.00 
regenerant ED feed 

volume (Vj) TDS 
Cycle no. 

volume (Vs) TDS 
Date L mgfi L w/L 2 Va/(l-R)Vr, 

18 g/13/79 387 
g/14/79 400 
9/14/?9 402 
g/14/79 399 
g/14/79 401 
g/15/79 400 
g/15/79 401 
g/15/79 522 
g/16/79 540 
9/16/79 540 
g/16/79 600 
9/16/79 600 

33 090 
33 090 
33 090 
33 090 
33 090 
33 090 
33 090 
33 090 
33 420 
33 420 
33 420 
33 420 

6 334 3 300 
6 134 3 300 
6 064 3 300 

91 0.71 
91 0.75 

6 017 3 300 
5 782 3 300 
5 472 3 300 

24 
25 
26 

5 821 3 300 
5 483 3 300 

91 0.76 
91 0.76 
91 0.80 
91 0.84 
91 0.79 

6 191 3 300 
6 508 3 300 
6 a48 3 300 

91 1.09 
91 1.02 

0.96 
1.02 

6 581 3 300 91 1.06 
92 1.03 
92 0.92 
92 0.95 

30 9;l J/J9 602 33 030 6 748 3 300 
31 9117179 602 33 030 6 776 3 300 
32 9/l J/79 541 33 030 
33 9/18/79 541 33 690 
34 g/18/79 540 33 690 

9j1ai79 541 33 690 
g/19/79 541 33 710 

39 9119179 542 33 710 
1: g/19/79 

g/19/79 
542 541 33 33 710 710 

42 g/20/79 541 33 960 

Influent and Effluent Compos itions during Cycl e 4.02.42 

Units 

:A units 

T'.S(L ions) mg/L 

;odxtlvrty @ 25.x us/cm 

f. i. (TiSlcond.) - 

Silica mg/L 

:aiciur mg/L 

Uagncsium q/L 

S::iun mg/L 

?otsssiun w/L 

Srronttun w/L 

:icrr::nare w/L 

Clrsonate q/L 

iiycroxlCe W/L 

Sulfate q/L 

C.2ioriCe w/L 

;-alkallnlty LS taco, g/L 

?-a:ha;inlty 1s CPCO,, ma/L 

1 Anions eeqfi 

f Cations mea/L 

Control value WQ/L 

27 984 19 742 

2.4 2.4 

1 030 1 590 

602 600 

8 230 4 660 

57 36 

25 25 

91.6 68.3 

NO ND 

NO ND 

5 500 4 I20 

12 440 6 640 

80.0 56.0 

NO NO 

467.11 310.74 

460.95 112.90 

to.05 -0.41 

6 553 3 300 
6 852 3 300 
6 791 3 300 
6 347 3 300 
6 426 3 300 
6 432 3 300 
6 417 3 300 
6 658 3 300 
6 889 3 300 

7.5 

2a 027 33 631 

4 222.8 

8.0 

2.6 3.4 

1 490 167 

738 254 

7 730 11 500 

53 a3 

31 3.6 

122.0 119.6 

NO NO 

NO NO 

6 080 9 420 

12 5ao 12 080 

100.0 98.0 

ND NO 

483.60 519.01 

473.38 531.68 

+1.34 +O.Bl 

250 

31 508 

2.a 

1 000 

484 

9 530 

1.5 7.5. 1.5 

3 079 21 507 3 254 

495.1 2 920.1 5ia.9 

6.2 7.4 6.3 

3.5 3.0 3.5 

168 332 21.8 

46.4 194 31.0 

a41 7 070 I 100 

60 7.4 44 ii.8 

25 2.1 5.0 0.4 

146.4 26.8 89.3 29.a 

NO NO NO ND 

NO NO NO NO 

a 220 910 5 a00 950 

12 040 1 054 7 970 1 106 

120.0 22.0 73.2 24.4 

NO ND ND ND 

513.14 49.62 347.18 51.55 

506.37 49.02 341.31 51 .a0 

+a.86 r0.68 +1.07 -o.ta 

iz 
0.93 
0.94 

92 1.00 
92 0.99 
92 0.99 
92 0.99 
92 0.96 
92 0.93 

Rinse 
efflvent 

Service 
cffll;er.: 



D5-3 

MODE 

REGEN 1 
REGEN 1 
REGEN 2 
REGEN 2 
REGEN 2 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

CA 
MG 
TH 
NA 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

PROCESS 
STREAM 

THROUGHPUT 
BV 

CA 
MEQ/L 

MG 
MEQ/L 

TH 
MEQ/L 

NA 
MEQ/L 

EFFLUENT 0.00 18.46 9.96 28.42 60.46 
EFFLUENT 1.25 1 lo.,28 64.12 174.39 224.88 
EFFLUENT 2.50 101.30 67.65 168.95 294.48 
INFLUENT 6‘26 51.40 49.55 100.94 357.98 
EFFLUENT 10.25 58.88 49.38 108.26 334.49 
EFFLUENT 18.24 53.89 50.29 104.18 351.46 
I NFLUENT 19.44 8.33 20.91 29.24 500.22 
EFFLUENT 19.44 56.39 42.55 90.94 388.86 
EFFLUENT 20.63 s1.40 34.16 85.55 412.35 
EFFLUENT 21.83 46.41 20.48 74.80 434.97 
EFFLUENT 23.74 40.42 25.84 66.26 487.17 
EFFLUENT 0.00 24.45 25.76 50.21 456.72 
EFFLUENT .64 23.45 19.51 42.96 388.43 
EFFLUENT 1.28 .52 .49 1.01 62.20 
EFFLUENT 1.28 .47 .51 .98 61.33 
I NFLUENT 3.95 7.98 3.56 11.55 35.71 
EFFLUENT 9.29 .26 .26 r52 47.05 
EFFLUENT 17.29 .25 .28 .53 50.02 
INFLUENT 31.52 8.33 3.93 12.26 36.36 
EFFLUENT 33.00 ,25 r33 .58 50.02 
EFFLUENT 49.01 .60 2.13 2.73 46.98 
EFFLUENT 57.01 1.30 4.63 5.93 40.45 
EFFLUENT 65.02 2.15 5.76 7.91 38.67 
INFLUENT 69.76 7.83 3.43 11.27 34.67 
EFFLUENT 69.76 2.69 6.24 8.93 39.19 

CYCLE 4.02.42 

Service Performance Summary 

CYCLE 4.02.42 

AVERAGE CONCENTRATIONS9 MEQ/I, REMOVAL 
INFLUENT EFFLUENT DIFFERENCE % 

8.05 .71 7.34 91 
3.64 1.85 1.79 49 

11.69 2.56 9.13 78 
35.50 47.34 -11.76 

RESIN CAPACITY 
EQ/L 

.503 

.122 

.625 
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FIGURE A- a FIGURE A- b 

MQJOR CRT ION CGNCFNTRQT I ONS MQJOR Cf?T I ON CONCENTRW IONS OF 
OF IX REGENERRTIUN EFFLUENT IX RINSE. FHI SERVICE EFFLUENTS 
CYCLE 4.02.42 rYCLE Y. 02. i12 

0 Calcium Avg. influent 0 Calcium Avq. influent 
0 Magnesium concentrations, meq/L 457 0 

A Total hardness 388 

o concentrations, meq/L 

Req 1,2 Reg 3 Magnesium' 

0 Sodium Ca++ 51.4 8.33 50.2 
MO++ 49.6 20.9 25.8 43.o 

$:J;;irnhardness ca-++ 8.05 
MCI 3.64 
TH 11.7 
Nat+' 35.6 . ! 

iii 101 
Nat+ 358 

Service --I 

BED VOLUMES 

5 
I 
I 
: 
I 
2 

SODIUM INA), CRLCIUH ICFll, AND MAGNESILJM IHG) CONCENTRATIONS ARE MERSLJRED BY AlClMIC ABSORPTION. 
lOTRL HARDNESS (THI IS CALCULRTED BY SUMMING THE CALCIUM RND MFIGNESWM CONCENTRflTIONS. 



MODE 

EIACUWASH FEED WASTE 10 240 2.39 24.0 .239 21. 

ORAIN 1 IVENT) WASTE 3 62 eb.2 20.1 .205 0.0 

REGEN 3 FH GEciEtr WASTE 59 316 3.16 5.39 .054 3.1 

DRAIN 1 (VENT) WASTE 3 62 ,6i 20.7 .205 ft.0 

PINSF: FEED WASTE 10 131 1.30 13.1 .130 0.0 

SERVICE FEED PRODUCT 110 3343 33.2 30.4 ,302 0.0 

DRAIN 2 (VENT I WASTE 2 41 . 42 20.7 .209 0.0 

INPUT 

Date: 

Cycle: 

Conditions: 

D6-1 

Ion-Exchange - Run 4.03.008 

Control variables: 

Standard resin bed: 

g/22/79 

4.03.135 

Feedwatet - Wellton-Mowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerant - fresh ED brine. 
Source of backwash - IX feedwater. 

Target kcttial 
Fresh regeneration cont. (mg/L TDS) 35 000 32 744 
Fresh regeneration flow rate (L/min) 5.5 4.1 
Recycled regenerant flow rate (L/min) None None 
Recycled regenerant volume (L) None None 
Service termination point (mea/L Cat+) 3.0 3.0 

Height = 1102 mm 
Volume = 100.6L 

Chemical Compositions of Tank Waters Prior to Cycle 4.03.13B 

Tank 
PH Conductivity 

..ca++ Mg++ TH 
units US/cm meq/L s mea/L 

Recycle regenerant (T-5) 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 

Lime softened feed (T-10) 

Fresh ED brine (T-28) 

IX product/ED feed (T-33) 

- 

7.5 

7.4 

7.2 

7.5 

4 973 8.6 3.6 12.2 

4 969 8.8 3.7 12.5 

42 182 7.2 17.6 24.8 

5 396 0.96 1.52 2.48 

Cycle 4.03.13B Operating Conditions 

OIJHATION THYOU~HPUT VOL.unE AVG FLOW RATE 
OUTPUT t4IN L t3V L/MIk tIV/HIN 

REO 
EXPANSION Tk,vPEdATUHE 

92 C 

2b.0 

30.4 
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D&-2 

Fresh Regenerant Volume Balance 

Run 4.03.008 
Cycle no. Date 

01 g/20/79 

:: 
g/20/79 
g/20/79 

ii?4 
g/21/79 
9122179 

10 9;22;79 
11 g/22/79 
12 g/22/79 
13 g/22/79 

Fresh Fresh 
regenerant regenerant 
volume (Vj) TDS 

L mq/L 

463 
453 
450 
449 

379 
319 
318 

33 960 5 874 
33 960 5 158 
33 960 4 531 
32 570 4 414 
33 480 4 079 
33 480 3 752 
33 480 ? 34i 

33 480 3 ? I 

33 480 3 :a t 3 

Service 
volume (V,) 

L 

Estimated 
ED feed 

TDS 
mg/L 

3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 

0.94 
1.05 
1.18 
1.16 

Cl1 
1.11 
1.11 

Influent and Effluent Compositions during Cycle 4.03.13B 

ml ts 

m9/L 

rs/cm 

m9/L 

mg/L 

rn9/L 

m9lL 

mgli 

WL 

*9/L 

w/L 

V/L 

mg/L 

m9/L 

4.6 

182 

55.8 

1 080 

12 

2.0 

58.6 

NO 

NO 

1 100 

I 240 

7.3 

32 744 

4 112.0 

8.0 

3.2 

126 

209 

II 300 

04 

5.0 

136.6 

NO 

NO 

8 700 

12 180 

T-alkalrnity as C&O, m9/1 48.0 112.0 

P-alkalfn!:y as MO,, mg/L NO NO 

c AnIons w/l 58.93 527.13 

? c3t1onc meq/L 6i .oo 517.29 

:cn tro' vriue nW/L -2.04 +I.19 

22 350 

5.2 

2 040 

1.7 7.3 

20 993 3 460 

2844.2 548.3 

7.4 6.1 

2.9 2.3 

305 10.3 

II6 145 

4 790 6 990 

39 50 

39 4.3 

161.0 95.6 

NO NO 

NO NO 

5 580 5 460 

9 080 7 940 

132.0 76.4 

NO NO 

375.09 339.36 

362.72 112.59 

l 2.09 t1.26 

Rinse scrvtcc 
effluent effluent -- 

17.2 

1 210 

5.8 

0.4 

22.0 

NO 

NO 

I I10 

I 090 

18.0 

NO 

54.30 

54.72 

-0.44 
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D6-3 

Major Cation Concentrations of Samples Analyzed By Atomic Absorption 

CYCLE 4.03.13B 

MODE 

RACKWASH 
HACKWASH 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
REGEN 3 
RINSE 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 

PROCESS 
STREAM 

THROUGHPUT 
BV 

EFFLUENT 0.00 
EFFLUENT 1.19 
EFFLUENT 2.39 
INFLUENT 2.35 
EFFLUENT 3.03 
EFFLUENT 3.b7 
EFFLUENT 4.31 
EFFLUENT 5.55 
EFFLUENT 0.00 
EFFLUENT .65 
EFFLUENT 1.30 
EFFLUENT 1.30 
I NFLUENT 2.81 
EFFLUENT 2.81 
EFFLUENT 4.32 
EFFLUENT 4.02 
EFFLUENT 7.34 
EFFLUENT 8.85 
EFFLUENT 10.37 
EFFLUENT 11.88 
EFFLUEFJT 13.39 
EFFLUENT 16.41 
I NFLIJENT !4.41 
EFFLUENT 19.43 
EFFLUENT 22.45 
EFFLUENT 25.47 
EFFLUENT 28.49 
EFFLUENT 31.51 
EFFLUENT 33.02 
EFFLUENT 34.53 

CA 
MEQ/L 

MG 
MEQ/L 

TH 
MtQ/L 

NA 
MEO/L 

10.6d 5.23 15.91 51.33 
8.53 4.21 12.74 45.24 
7.63 4.11 11.74 40 .a9 
6.29 17.20 23.49 491.52 

13H.22 72.59 210.~2 134‘;84 
161.18 75.80 236.98 242.71 
115.76 53.33 173.09 271.86 

95.81 45.10 140.91 309.26 
21.46 17.04 3b.49 423.23 
22.46 14.24 36.69 339.71 

4.09 2.84 6.93 134.41 
1.29 2.30 3.59 128.32 
9.03 4.04 13.07 36.10 

l 51 .4b .YY 61.77 
.30 .2Y .59 53.94 
.28 .26 .54 55.24 
.2b .24 .50 50.89 
.30 .2b .55 50.46 
.29 .26 .55 49.59 
.31 .26 .5A 48.72 
.29 .29 .5R 49.15 
.33 .37 .70 48.72 

8.38 3.84 12.22 35.97 
.37 .57 .94 48.72 
.53 .86 1.39 46.98 
.H4 1.48 2.32 46.54 

1.37 2.54 3.51 43.93 
2.50 3.42 5.92 48.72 
2.7Y 3.98 6.78 66 .ptt 
2.79 4.20 b.99 41 .-I’6 

Service Performance Summary 

CYCLE 4.03.138 

PvEHAGE CONCFNTRATIONS, MEQ/L REt-‘OVAL RESIN CAPACITY 
INFLUENT EFFLUENT OIFFEHENCE 8 EQ/L 

CA 8.71 .83 7.88 91 .262 
MG 3,94 1.20 2.74 69 .091 
TH 12.65 2.03 10.62 84 .353 
NA .36.04 50.79 -14.75 
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Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin be<!: 

g/24/79 

4.04.07E 

Feedwater - C!ellton-llowhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Pegenerant - fresh ED brine plus 100 mg/L SIW' 

Source of hackwash - IX feedrater. 

Taroet ___ Actual 
Fresh regeneration cont. (mg/L TDS) 35- 32616 
Fresh regeneration flow rate (L/min) 5.5 5.6 
Recycled regenerant flow rate (L/min) None None 
Recycled regenerant volume (L) None None 
Servire termination point (meq/L Cat+) 3.0 2.5 

Weight =llGZ mm 
Volume =100.6 L 

Chemical Compositions of Tank Waters Prior to Cycle 4.04.07~ 

Tank 

Recycle regenerant (T-5) 

Spent regenerant (~-6) 

PH Conductivity --Cat+ Mg++ TH 
units US/cm meq/L meq/L -__ - -- & 

Lime-softened feed (T-9) 7.3 4 933 9.2 3.6 12.8 

Lime softened feed (T-10) 7.4 4 939 8.4 4.2 12.6 

Fresh ED brine (T-28) 7.0 41 763 7.6 17.6 25.2 

IX product/ED feed (T-33) 7.5 5 313 0.72 1.44 2.16 

Cycle 4.04.07E Operating Conditions 
9ED 

DUHAT ION THHOUGhPUT VDLUYE AVG FLOW RATE EXPANSION TEMPtrlPTVRF 

POnE INPUT OUTPUT 

BACKWASH FEED WASTE 

DPAIN 1 (VENT) W4STE 

REGEN 3 FR R~GEN WASTE 

K!RIIN 1 IvENT) d4STE 

RINSE FEEL, w4STE 

SERVICE FEtD PHODUCT 

DRAIN 2 (VENT) WASTE 

HIN 

.o 

3 

57 

3 

10 

130 

2 

L nv 

240 2.39 24.0 .239 26. 26.5 

62 .b2 20.7 .205 0.0 

317 3.15 5.55 ,055 1.5 29.2 

62 .b2 20.7 .205 0.0 

130 1.29 13.0 .I29 0.0 

3876 3M.5 29.0 .294 0.0 

41 .62 20.7 .209 0.0 

L/MIN dV/MIN u C 
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W-2 

Fresh Regenerant Volume Balance 

Fresh Fresh Estimated 
regenerant regenerant Service ED feed 

Ru; &04.;OE volume (Vj) TDS volume (V,) TDS 
Y . Date A mm. L mg/L 1 V$(l-R)Vs 

03 g/23/79 319 33 480 4 352 3 300 91 0.85 
i"s g/23/79 g/23/79 319 319 33 33 480 480 4 3 936 103 3 3 300 300 zi 0.90 

0.94 
g/24/79 319 33 480 4 102 3 300 0.90 
g/24/79 317 33 480 3 876 3 300 0.95 

Influent and Effluent Compositions during Cycle 4.04.07E 

I'll{ ts 

DA units 

;;s(r ions) W/L 

ConGuct1vity B 25.oC us/cm 

E* i. (TWcond.) 

Silica mgfL 

Ca;CiWl mg/L 

Yarjxrium w/L 

Sodrvm W/L 

Potarrivn w/L 

Strontfvm v/L 

3lcar>onarc "9/L 

Carxmate 69/L 

nyaroxlde q/L 

Sulfate mg/L 

Chloride WL 

T-alkalinity 4s MO, IqlL 

P.slka\inIty aI C&O,, n9/L 

L hIOIlS w/L 

I CdflO~S neqfL 

Can:ro; value ncqf L 

dackwarh 
ef 

Regencratlcm 
Tnfluent ttfl-uent 

3 621 

6.9 

32 816 

4 120.0 

0.0 

3.0 

141 

IS9 

11 400 

07 

2.0 

25 386 

4.2 

156 

53.2 

1 030 

5.0 

‘cl.1 

4.2 

2 440 

675 

5 460 

34 

31 

7.4 1.2 7.2 

3 081 20 339 3 216 

489.3 2 820.2 531.8 

6.3 1.2 6.1 

1.9 2.4 1.9 

114 330 14.5 

39.0 135 13.0 

838 6 535 1 120 

8.1 41 10.0 

2.3 3.9 O.! 

5R.6 103.4 122.0 19.5 15.6 21.0 

NO hO NO NO NO NO 

NO 

1 100 

1 220 

ND NO 

9 100 6 120 

11 820 9 900 

84.8 100.0 

NO NO 

524.69 421.3 

510.30 416.4 

l 0.7s l o.74 

NO NO 

910 5 610 

1 088 1 600 

48.0 

NO 

57.32 

57.09 

t0.23 

16.0 62.0 

NO NO 

49.96 332.5 

48.60 313.1 

l 1.54 +I.68 

NO 

960 

1 016 

17.2 

NO 

SO.69 

50.7) 

-o.oe 
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D7-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

FAOOE 
PROCESS 
STREAY BV MEQ/L 

BACKWASH EFFLUENT 0,bO Y.28 
RACK\JASH EFFLUENT 1.19 7.73 
REGEN 3 EFFLUENT 2.39 7.29 
HEGEN 3 I ?!F’LuENT 2.72 7.04 
REGEN 3 EFFLllENT 3,lO 174.65 
HEGEN 3 EFFLUENT 3.52 lSY.6H 
REGEN 3 EFFLUENT 4.54 134.23 
REGEN 3 EFFLUENT 5.53 146.21 
RINSE EFFLUENT 0.00 24.45 
RINSE EFFLUENT .65 27.45 
RINSE EFFLUENT 1.29 .5s 
SERVICE EFFLUENT 1.24 .57 
SERVICE EFFLUENT 2.77 .2Y 
SEPVI CE INFLUENT 3.96 9,3tj 
SERVICE EFFLUENT 4.26 .27 
SERVICE EFFLUENT 5.74 .24 
SERVICE EFFLUENT 7.22 .25 
SERVICE EFFLUENT 6.70 .25 
SERVICE EFFLIJENT 10.18 .25 
SERVICE EFFLUENT 11.67 .25 
SERVICE EFFLUENT 13.15 .25 
SERVICE EFFLUENT 16.11 .26 
SERVICE INFLUENT 16.11 8.93 
SERVICE EFFLUENT 19.97 .2d 
SERVICE EFFLIIENT 22.04 .30 
SERVICF EFFLUENT 25,oo .40 
SERVICE EFFL(IENT 27.Y7 .56 
SERVICE EFFLUENT’ 30.93 .a5 
SERVICE EFFLUENT 33.64 1.44 
SERVICE EFFLUENT 3h.b6 1.70 
SERVICE EFFLUEFIT 3H.34 2.45 
SERVICE I NFLuEPl T 3Y.82 8.68 
SERVICE EFFLUENT 3Y.d2 2.54 

CYCLE 4.04.07E 

THROUGHPUT CA MG TH NA 
MEO/L MEG/L MEQ/L 

5.OY 
3.Y9 
4.12 

13.09 
102.Hd 

64.53 
44.77 
47.Yt: 
17.12 
18.19 

.54 
. 47 
.ii6 

3.14 
.24 
.26 
.2!J 
.25 
.23 
.23 
.23 
.27 

3.13 
.35 
*44 
.5b 
.94 

1.73 
2.65 
3.60 
3.95 
2.64 
4.28 

i4.38 48.06 
11.73 40.41 
11.41 39.914 
20.12 495.87 

277.53 186.39 
224.21 285.99 
179.01 312.74 
194.19 350.59 

41.57 434.97 
45,63 361.03 

1.10 41.55 
1.04 61.77 

.56 48.93 
12.52 35.32 

.51 50.46 

.50 52.20 
050 53.50 
.50 53.50 
.4H 53.72 
.48 50.24 
.48 49.tfo 
.53 51.11 

12.06 35.89 
063 50.46 
.74 49.59 
.9b 48.50 

1.5s 49.15 
2.58 48.06 
4.29 45.67 
5.29 43.50 
6.40 43.06 

11.32 35.71 
6.82 45.45 

CA 
MG 
TH 
NA 

Service Performance Summary 

CYCLE 4.04.07E 

AVERAGE CONCENTRATIONSI MEQ/L REMOVAL 
INFLUENT EFFLUENT 01 FFEHENCE % 

9.00 .6S 8.35 93 
2.97 1.08 l.tji3 63 

11.97 1.74 10.23 85 
35.64 49.39 -13.76 

RESIN CAPACITY 
EO/L 

.322 
.073 
,394 
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FIGURE A- a FIGURE A- t, 
MRJOR CFI-TIGN CONCENTRRTIONS MflJOR CflTTON CONCENTRQTIONS OF 
OF IX REGENERflTION EFFLUENT IX RINSE RND SERVICE EFFLUENTS 
CYCLE 11.17il.O'IE rYCLE '4.O4.07E 

0Calcium 
OMagnesium 
ATotal hardness 
OSodium 

Avg. influent 435 0 OCalcium Avg. influent 
concentrations, meq/L 361 OMagnesium concentrations, meq/L 

Ca++ 
Reg 

41.6 45:6 
ATotal 

hardness 
Mg++ 

7.04 
13.1 27.4 0 

Sodium Ca++ 9.00 
24.4 Mg++ 2.97 

TH 
Nat 

20.1 17.1 18.2 TH 12.0 
496 Nat 35.6 < 

2 4 6 
BED VOLUMES 

8 -0 

c 

Rinse - 

Service 
d 

10 
BED $iLUMES 

30 

S5DIIJM (NRl, CRLCZJM (CA), RND MAGNESIUM (MGI CONCENTRRTIONS ARE MERSURED BY RTCMIC RBSORPTIGN, 
IOTAL MRRDNESS (Ttil IS CRLCULRTED BY SilMMING TEE CRLCIUM RN0 MRGNESIUM CONCENTRRTIONS, 



MODE 

BACKWASH 

DRAIN 1 

REGEN 3 

DRAIN 1 

RINSE 

SERVICE 

DRAIN 2 

Ion-Exchange - Run 4.05.OOB 

Date: 

Cycle: 

Conditions: 

Control variables 

Standard resin bed: 

9/25/79 

4.05.098 

Feedwater - Wellton4owhawk drainage pretreated 
(in Train IV) with high lime dosage for silica removal 
Regenerant - fresh ED brine. 
Source of backwash - IX feedwater. 
Air mix during backwash 

Fresh regeneration cont. (mg/L TDS) 
3:a;;;t Actual 

Fresh regeneration flow rate (L/min) 
32 104 

5.5 
Recycled regenerant flow rate (L/min) 

5.7 
None 

Recycled regenerant volume (L) 
None 

None 
Service termination point (mea/L Cat+) 

None 
3.0 3.3 

Height '1102 M! 
‘d’olume = 100.6 L 

INPUl 

Chemical Compositions of Tank Waters Prior to Cycle 4.05.OgB 

Conductivity Ca+' 
ii 

PH '% TH 
Tank units Ncm meq/L meq/L -_.-- --- & 

Recycle regenerant (T-5) - 36 772 46.0 47.Q 93.0 

Spent regenerant (T-6) 37 808 48.0 52.0 100.0 

Lime-softened feed (T-9) 7.4 4 981 9.9 2.8 12.6 

Line softened feed (T-10) 7.5 4 933 9.4 3.2 12.6 

Fresh ED brine (T-98) 7.0 42 049 9.n 17.7 25.F 

IX product/ED feed (T-33) 7.4 5 300 3.72 9.w 16 

Cycle 4.05.09B Operating Conditinqs 

FEED 

(VENT) 

FQ HEtiE”! 

(VENT1 

FEED 

FEED 

(VENT1 

OUTPLJT 

WASTE 

WASTE 

WASTE 

WASTE 

WASTE 

PCIODUCT 

WASTE 

DURATION 

MIN 

10 

3 

*2 

3 

10 

82 

2 

THROUGHPUT VOLUME 

L tlv 

240 2.39 24.0 .239 65. 28.S 

b? .02 20.7 ,205 0.0 

240 2.39 S.hb .OSb 0.0 33.3 

62 .62 20.7 ,205 0.0 

134 1.33 13.4 .133 0.0 

2521 25,l 30.7 ,306 0.0 

41 .42 20.7 .209 0.0 

RED 
AVG FLOW RATE EXPAhlSIDN TE+iPEtiATURE 

L/MIN HV/MIN % C 
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D8-2 

Fresh Regenerant Volume Balance 

Run 4.Q5.005 
Cycle no. Date 

Fresh Fresh Estimated 
regenerant regenerant Service ED feed 
volume (VI) ills volume (V,) TDS 

L WL ___- L v/L 1.- Vj/(l-R)v, 

318 33 200 3 792 3 300 91 0.97 
318 33 200 3 579 3 300 91 1.03 
320 33 200 3 301 3 300 91 1.13 
320 33 940 3 122 3 300 92 1.22 
320 33 940 3 233 3 3UO 
243 33 940 2 429 3 3GO ;; 

1.18 
1.19 

238 33 940 2 431 3 300 92 1.17 
240 33 940 2 368 3 330 92 1.21 
240 33 940 2 521 3 300 92 1.13 

Influent and Effluent Compositions during Cycle 4.05.09B 

mg/L 

mg/L 

q/L 

m9fL 

m9lL 

m9lL 

vJL 

m9/i 

q/L 

m9/L 

mg/L 

WL 

mg/L 

w/C 

meq/L 

ncq/L 

Backwash Aegeneratlon 
cff Tnfluent Effluent 

3 506 

I.5 

32 104 

4 160.3 

7.7 

2.6 

163 

202 

11 200 

93 

3.2 

80.5 

ND 

NO 

8 600 

11 760 

66.0 

ND 

512.21 

5i4.40 

-0.27 

21 015 

3.0 

160 

45.3 

1 000 

4.0 

co.1 

48.8 

NO 

NO 

I 060 

1 185 

40.0 

NO 

56.38 

55.31 

*1.09 

3.2 

2 260 

514 

4 330 

41 

30 

117.1 

HO 

ND 

5 300 

8 420 

96.0 

ND 

349.42 

345.14 

*o.?l 

262 

7.3 z.2 7.3 

2 986 20 309 3 400 

481.6 2 a39.2 530.2 

6.2 7.2 6.4 

2.1 2.3 1.9 

169 420 26.8 

42.8 145 16.6 

a25 6 700 I 170 

a.4 57 10.6 

2.2 4.5 0.5 

19.5 60.0 19.5 

ND HO NO 

NO NO NO 

902 5 100 I 070 

I 015 7 a20 i 084 

16.0 49.2 16.0 

NO NO HO 

47.81 327.89 51.26 

4a.il 325.92 53.a8 

-0.35 +a.38 -5.67 

Service 
effluent 



88-B 

Major Cation Concentrations of Samples Analyzed by Atoilfc Absorption 

MODE 
PROCESS 
STREAM RV MEQ/L 

BACKWASH EFFLUENT 0.00 53.59 
F!ACKdASH EFFLUENT 1.19 7.65 
REGEN 3 EFFLUENT 2.39 7,63 
REGEN 3 I NFLUENT 2.67 b.13 
REGEN 3 EFFLUENT 2.84 93.31 
PEGEN 3 EFFLUENT 3.35 15Y .68 
REGEN 3 EFFLUENT 3.80 159.68 
REGEN 3 EFFLUENT 4.77 143,21 
RINSE EFFLllENT 0.00 26.95 
RINSE EFFLUENT .67 32.93 
RINSE EFFLUENT 1.33 3*44 
SERVICE EFFLUENT 1.33 3.34 
SERVICE EFFLUENT 2.86 .71 
SFWVI CE I NFLUEYT 4.08 0.Rd 
SERVICE EFFLUENT 4.39 .53 
SERVICE EFFLUENT 5.92 l 47 
SERVICE EFFLUENT 7.44 .*d 
SERVICE EFFLuE’\JT a.47 .47 
SERVICE EFFLUENT 10.50 .§O 
SERVICE EFFLUENT 12.03 .54 
SERVICE INFLUEYT 12.03 8.18 
SERVICE EFFLUENT 13.56 .61 
SERVICE EFFLUENT 15.08 .71 
SERVICE EFFLUENT 16.hl .H3 
SERVICE EFFLUENT 18.14 1.01 
SERVICE EFFLUENT 19.67 1.32 
SERVICE EFFLUENT 21.20 1.65 
SERVICE EFFLUENT 22.72 2.05 
SERVICE EFFLUENT 24.25 2.50 
SERVICE EFFLUENT 25.70 3 .14 
SERVICE I NFLUENT 26.2sl 8.73 
SERVICE EFFLUENT 25.3’) 3.34 

CYCLE 4.05.098 

THROUGHPUT CA MG TH NA 
MEQ/L IJ;EGl/L MEQ/L 

3.75 
3.60 
3.5b 

16.63 
44.26. 
63,62 
54.24 
47.08 
lb.6-f 
20.99 

2.09 
1.54 

.50 
3.43 

.36 
“36 
.3b 
.40 
.43 
.49 

3.51 
.61 
.74 
.95 

1.25 
1 7. 
2:;1 
2.64 
3.06 
3.43 
3.60 
3.62 

12.34 51.76 
11.28 43.06 
11.19 43.50 
24.76 487.17 

137.59 130.49 
223.30 238 .a0 
213.92 263.16 
190 .ZY 264.46 

43.b2 420.18 
53.92 343.63 

5.53 111.79 
5.29 114.83 
1.21 56.98 

12.31 35.84 
.ticj 53.07 
.83 50.89 
.tj4 49.59 
.8H 50.46 
l Y3 48.72 

1.03 46.54 
11.70 39.80 

1.22 52.63 
1.45 53.50 
1.77 52.63 
2.26 50.89 
3.02 SO.89 
3.75 51.33 
4.69 50.02 
5.57 43.93 
6.58 46.54 

12.33 35;23 
b.96 39.dO 

CA 8.br, 1.15 7.45 87 
MG 3.51 1.22 2.29 65 
TH 12.11 2.38 9.74 HO 
NA 36.96 52.44 -15.48 

Service Performance SurrPnary 

CYCLE 4.05.098 

AVERAGE COFICENTRAT I ONS 7 MEtilL REMOVAL RESIN CAPACITY 
INFLUENT EFFLUENT DIFFERENCE s6 EQ/L 

.187 
.057 
.244 
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FIGURE A- a FIGURE A- b 
MI?JCR CRTION CCINCENTR~TIQNS MQJOR CRT I ON CONCENTRRT IONS QF 
CF IX REGENERRT ION EFFLUENT IX RINSE HND SERVICE EFFLUENTS 
CYCLE II. 05.095 rYCLE 4.05.09B 

oCalcium 
~Magnesium 
ATotal hardness 
OSodium 

Avg. influent 
concentrations, meq/L 420 

Ca++ 
Rw 
8.13 

Mq++ 16.6 
24.8 

487 

0 Calcium Avg. influent 
' 344 0 Magnesium concentrations, meq/L \ 
l53.9 A Total hardness ,. ++ 

/ 

I 32.9 0 Sodium !-at+ 

1 21.0 
Mq. 
TH 

8.60 ; 
3.51 

12.1 1 

Rinse 

Service 

------I :7 -?-- 

7 I4 21 28 o 
BED VOLUMES 

SODIUM INAI, CFiLCIlJM [CA), WI MAGNESIUM (MG) CONCENTRRTl'JNS FIRE MEASL'REO BY RlOMIC ABSCIRPTJON. 
/OTfii HRRONESS LTHI IS CALCIJLRTED BY SUMMING THE CRLCIUM AND MAGNESIUM CBNCENTRRTIBNS. 



MODE I FIPIJT OUTPUl MIN L hv L/NIN HV/~*IN % c 

REGEN 1 

RECIEF( 2 

REtEN 3 

DRAIN 1 

A I: tiSE 

SERdlCi 

i;RAIN 2 

KASTE 

‘SD REGEN 

SP REGEN 

WASTE 

WASTE 

btiODllL I 

10 236 2.3s 23.6 

51 804 7.99 15.9 

93 519 §.lh 5.60 

3 bC .62 2Q.7 

10 131 1.30 13.1 

210 h3d6 63.5 3o.c 

2 ‘+l .*2 20.7 

,235 

.158 

,056 

,205 

f 130 

.J.OL 

‘20’) 

30. 28.2 

15. 29.0 

1.6 30.0 

0.0 

0.0 

0.0 

0.0 

Ion-Exchange - Run 4.06.OOF 

Date: 

Cycle: 

Ccndi tions : 

Control variables: 

Standard resin bed: 

g/27/79 

4.06.07F 

'Feedwater - C!ellton-lIokiha.dk drainage pretreated 
(in Train I\i) kith high lime dosage for silica removal 
Regenerants - recycled regenerant and fresh ED brine 
100 n;g/L of SHMP added to fresh regenerant passing 
into rxycied regenerant 

TargeL Actual 
Fresh regeneration CON. (mgjL TDS) 35 
Fresh regeneration flos rate (L/min) 

29 230 

Recycled rrgenerant flow ,.ate (L/min) 4.; 1E 
Recycled regenerant volume (L) 800 
Service termination point \s~uJL Cat+) 

864 
3.0 2.8 

Height =1102 ~II 

Volume z100.6 L 

Chemical Compositions of Tank Waters Prior to Cycle 1.06.07F 

Tznk -- 

Recycle regcnerant (T-5) 

Spent resenrrant (T-6) 

Lime-sui?eryed feed (i-9) 

Lime softened feed (T-10) 

Fresh ED brine (T-28) 

IX product/ED feed (T-33) 

PH 
units 

7.4 

7.4 

6.8 

7.2 

Contiuctivity --cat+ 
us/cm meq/L -.-I_ -_- 

37 a49 84.0 

37 710 95.0 

4 a01 9 .I 

4 864 9.1 

41 911 7.6 

5 010 0.52 

Cycle 4.06.07F Operating Conditions 

DUHATION THHOUthlPUT VOLUME AVG FLOW RATE EXPANSION TEMPEHA 1 (IRE 

14gs+ TH 
lZeq/L mea/i - -- 

45.0 129.0 

36.0 131.0 

3.6 12.7 

3.5 12.6 

14.4 22.0 

1.40 1.92 

RED 



09-2 

Fresh Regenerant Volume Balance 

Fresh Fresh Estimated 
reoenerant regenerant Service ED feed 

Run 4.06.ooF volume (VJ) TDS volume (Vs) TDS 
Cycle no. Date L -- w/L L ring/L l VJ/(~-R)V> 

01 9/x/79 741 33 940 7 268 3 300 92 1.21 
02 g/26/ 79 738 33 620 7 321 3 300 1.19 
04 g/26/79 519 33 620 6 341 3 300 ;: 0.96 

05 g/26/79 520 33 620 6 261 3 300 
0.98 

06 9127179 519 33 500 6 356 3 300 ;: 0.95 
07 g/27/79 519 33 500 6 386 3 300 91 0.95 

Influent bnd Effluent Compositions during Cycle 4.06.07F 

w/L 

rig/L 

v/L 

Q/i 

w/L 

q/i 

a3lL 

q/i 

sg/L 

q/i 

mg/L 

T-blkrlrlity as CaCO, Kg/L 

P-tikallnity dI Cd,,, rrg/L 

t hionr W/L 

I Ca:ionr m&L 

Control value mea/L 

29 730 20 908 

2.4 2.2 

1 650 1 980 

631 565 

7 970 4 590 

49 31 

29 28 

246 9 112.2 

NO NO 

NO NO 

1 160 

11 930 

204.3 

NO 

491.2s 

483.37 

'1.02 

5 100 

3 500 

92.0 

NO 

347.93 

346.38 

to.28 

29 838 

1.a 

2 120 

664 

7 530 

46 

34 

122.0 

NO 

'10 

7 100 

12 220 

100.0 

NO 

494.69 

489.92 

l 0.61 

266 

Reqen 3 
iliflwnt im 

6.6 

33 133 

4 299.4 

7.7 

2.6 

145 

iao 

11 500 

96 

3.5 

65.9 

ND 

NO 

9 100 

12 040 

54.0 

NO 

530.35 

524.83 

l 0.66 

31 525 

2.6 

1 770 

387 

3 a50 

44 

29 

122.0 

NO 

NO 

a 220 

12 100 

100.0 

NO 

514.63 

506.92 

l 0.95 

Rinse 
effluent 

7.2 6.7 7.0 

3 106 21 427 3 182 

497.9 2 998.4 517.4 

6.2 7.1 6.1 

1.7 2.3 1.6 

167 224 10.6 

40.3 97.6 13.0 

852 7 400 1 100 

7.0 56 9.2 

2.3 3.6 0.4 

18.0 53.7 19.5 

NO NO NO 

NO NO NO 

920 5 700 940 

1 098 7 a90 1 oaa 

14.8 44.0 16.0 

NO NO ND 

50.50 342.26 50.66 

48.94 342.62 49.69 

rl.76 -0.07 l 1.09 



D9-3 

Major Cation Concentrations of Samples Analyzed by Atomic Absorption 

MODC 
PROCESS 
STREAM BV MEQ/L 

MG TH NA 
MEO/L MEO/L MEO/L 

FEGEN 1 EFFLUENT 0.00 32.93 15.64 
REGEN 1 EFFLUENT 1.17 124.75 61.23 
REGEN 2 EFFLUENT 2.35 12r.24 58.35 
REGEFl 2 I r\!FLUE!\IT 4.40 82.83 51.93 
REGEN 2 EFFLUENT 6.29 101.30 54.07 
REGEN 3 EFFLUENT 10.3Y 86.33 49.75, 
REGFN 3 I N F L U E 1‘1 T 10.44 7.24 14.81 
REGEN 3 EFFLUENT 11.72 ‘Ib.61 43.7Y 
REGEN 3 EFFLUENT 12.61 40.82 31.3h 
HEGEI\! 3 ti.FFLUENT 13.73 74.35 21.32 
REGEN 3 EFFLUENT 15.56 68.66 1n.02 
RINSE EFFLUENT 0.00 lb.52 12.02 
RINSE E!=FLUE”)T .b5 17.02 12.10 
HIYSE EFFLUEWT 1.30 .30 .3u 
SERVICE EFFLUENT 1.3u .2’, .28 
SERVICE EFFLUENT 2.81 .14 .13 
SERVICE I WFLUENT 4.02 8.73 3.60 
SERVICE EFFLUENT 4.33 .13 .12 
SERVICE EFFLUENT 5.84 .lO .12 
SERVICE EFFLUENT 7.35 .ll .12 
SERVICE EFFLUENT 8.86 .14 .12 
SERVICE EFFCIJENT 10.37 .ll .12 
SERVICE EFFLUENT 17.02 .ll .12 
SERVICE INFLUENT 31.23 8.63 3.60 
SEQVICE EFFLlJErVT 32.74 .12 .17 
SERVICE EFFLUEYT 48.46 .41 1.50 
SERVICE EFFLUENT 56.32 1.30 3.61 
SEHV ICE EFFLUENT 64.16 2.59 4.d3 
SERVICE I NFLUENT 64.78 8.43 2.b7 
SERVICE C:FFLUE”\IT 64.7b 2.79 4.35 

CA 8.60 .50 b.10 
MG 3.36 1.16 2.20 
TH 11.96 1.66 10.31 
NA 36,lY 47.48 -11.2Y 

CYCLE 4.06.07F 

THROUGHPUT CA 

48.57 
165.99 
187.bO 
134.77 
155.37 
136.12 
.22.05 

140.59 
122.18 

95.67 
8b.89 

2e.53 

25.11 
.60 
.s7 
.28 

12.34 
.25 
.22 
.23 
.25 
.23 
.%3 

12.24 
24, 

1:91 
k.Y2 
7.43 

11.31 
7.14 

88-i 30 
227.93 
280.99 
346.67 
347.54 
347.54 
500.22 
371.90 
383.21 
407.57 
417.57 
504.57 
434.97 

h3.51 
62.64 
50.02 
36.19 
49.59 
50.02 
50.02 
48.72 
47.85 
50.02 
36.41 
49.59 
45.24 
43.Ob 
40.95 
35.97 
4Oi8Y 

Service Performance Summary 

CYCLE 4.06.07F 

AVERAGE CONCENTRATIONSI MEO/L REMOVAL RESIN CAPACITY 
INFLUENT EFFLUENT DIFFEHk.NCE sb EQ/L 

44 ,514 
66 .140 
86 .b54 
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FIGURE A- a FIGURE A- b 
MQJOR ATION CONCENTRRTIONS MRJOR CFI-T I ON CONCENTRFlT IONS OF 
OF IX REGENERflTION EFFLUENT IX RINSE f7ND SERVICE EFFLUENTS 
CYCLE 4.06.07F t-YCLF ‘-4.k76.Cl’TF 

0 Calcium 
o Magnesium 
A Total hardness 
o Sodium 

_.. _ -. _ 
nCalcium Avg. influent 
OMagnesium __ concentrations nieq/L 
ATotal hardryss 
OSodium Ca++ 

Mg++ 
8.60 
3.36 

TH 
Na++ 

12.0 
36.2 

I I I I , 
4 12 16 

SUDIUH INAl, CRLCILHI ICAl, AND MRGNESXUM IHGI CONCENTRRTIONS ARE MERSURED BY RTOMIC QBSORPTfON, 
lOTAL HARDNESS (-HI1 IS CALCULRTED BY SUMMING TIIE CRLClUM AND MAGNESIUM CCINCENlRAlIONS. 



Table E-l. - lonics Aquamite V electrodialysis unit performance - 1979 

March Apral Mav June July August September 

12 19 26 23 30 7 14 29 4 11 18 25 3 6 13 20 4 17 24 

Operatmgtune. hour 73571 74444 75503 7786.9 78250 79028 7996.6 81698 8219.3 82897 8376.8 84561 8526.0 8842.7 8912.0 8961.0 9141 3 93165 94160 
8nneconcentran~l,g/m 33945 32 583 ND 52438 52760 51680 50503 56777 33361 36465 19406 20470 22263 31208 34033 32322 33110 33098 33491 

Feedtemperature.'=C 21 5 210 220 260 26 0. 25.0 27.0 28.0 29.5 31.0 270 31.0 300 31.0 29.0 280 302 282 295 
Dtlute flow rate, L/mm 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 
Brmemakeup 

flow rate. L/mm 1.3 1.2 0 0 0 0 035 0.15 1.35 1.0 44 45 35 12 1.0 0.98 1 1 12 1.1 
Product flow rate.L/mm 32 4 32.19 3183 324 326 32.7 330 329 330 32.7 32.0 32.8 32.6 31.7 32.5 32.2 330 326 32.4 
8r1ne flow rate.L/m~n 283 2.87 116 1.44 164 165 140 1.80 3.2 236 5.88 740 50 27 2.8 25 26 26 28 
8rmepH. "MS 577 4.3 38 388 4.27 454 436 4.01 5.24 5.95 645 585 5.85 611 617 6.80 6.88 672 6.67 
Electncalstage 1 

Current. amperes 220 208 23.4 241 24.1 23.6 248 265 24.0 24.1 21 6 21 8 22 7 241 21 3 204 21 6 210 207 
Voltage, volts 155 153 153 157 154 153 156 156 154 154 155 153 155 155 152 153 154 154 155 
Speclflc cell par 

resstance. n-cm' 807 834 757 82.0 804 79.9 81 0 775 875 90.3 92.4 99.2 942 809 961 987 98 9 970 102.1 
Electrical srage 2 

curren:, amperes 86 82 97 9.6 96 96 10.6 105 86 86 74 7.3 77 97 82 78 84 8.2 82 
Voltage. volts 123 122 122 125 122 122 124 124 123 123 124 122 124 124 123 122 124 124 124 
SpeClflC cell paw 

resmmx. O-cm' 1633 1682 1451 163.4 159.4 1560 1501 1550 1944 201 5 '215.0 2355 221 5 1802 201 5 2052 2040 1994 2055 
Feed catw~nac con- 

centram. meq/L 534 550 ND 503 550 51 2 529 521 553 549 551 55 6 562 545 524 47.37 509 520 5183 
Product caf~onx 

concenfrat~~rneq/L 6 68 755 ND 7.89 754 710 6 72 865 606 689 625 680 5 81 5.92 819 629 708 740 719 
Current efflclency. 96 668 71 6 -- 545 729 61 3 571 51 4 661 642 73 7 734 725 629 656 637 63 9 668 676 



Table E-2. Chemical analysis - lonics Aquamite V electrodialysis - 1979 

March 12 March 19 March 26 

Sample stream Feed Product Brine Feed Product Brine Feed Product Brine 

pH units 
TDS, g/m3 
Conductivity at 

25 ‘32, pS/cm 
E. F. 
Silica, g/m3 
Calcium, g/m3 
Magnesium, g/m3 
Sodium, g/m3 
Potassium, g/m3 
Total iron, g/m3 
Total manganese, g/m3 
Strontium, g/m3 
Bicarbonate, g/m3 
Carbonate, g/m3 
Sulfate, g/m3 
Chloride, g/m3 
T-alkalinity 

as CaC03, g/m3 
T-acidity 

as CaC03, g/m3 
T-phosphorus 

as P04, g/m3 
Hydroxide, g/m3 
C anions, meq/L 

7.0 6.4 5.8 6.9 6.0 5.8 
3418 502 33945 3483 517 32583 

7.3 5.2 3.8 

5938 

7.0 
3.2 
7.0 

921 63583 

7.1 8.0 
1.7 75 
1.6 257 

17.1 6.3 N/D 
N/D N/D N/D 

14.0 

- 

5.2 N/D 

- - 

N/D 
- 

N/D 

53.4 6.68 537.2 55.0 7.57 526.3 - 
Control value, meq/L t1.50 t6.56 t1.14 to.27 +I.61 -0.71 - 

N/D 
- 
- 
- 

- 
- 

5802 810 45644 5824 866 43505 
0.59 0.62 0.74 0.60 0.60 0.75 
12.2 5.8 5.5 10.7 10.4 10.0 
12.7 1.3 154 6.1 1.6 86 
30.6 2.8 350 20.5 2.3 203 
1148 146 11 430 1215 167 11 580 
12.1 1.2 135 6.8 0.8 59 
<o. 10 <O.lO <O.lO <O.lO <O.lO <O.lO 
<0.30 <0.30 <0.30 <0.30 ‘co.30 <0.30 
0.3 0.2 2.1 0.8 0.7 1.9 
24.4 7.3 43.9 25.4 8.3 32.7 
N/D N/D N/D N/D N/D N/D 
994 214 9420 1004 227 8370 
1196 129 12410 1204 109 12250 

20.0 6.0 36.0 20.8 6.8 26.8 

- - - - - - 

<O.Ol <O.Ol <O.Ol <O.Ol <O.Ol <O.Ol 
N/D N/D N/D N/D N/D N/D 
54.8 8.22 547.0 55.3 7.94 520.5 

C cations, meq/L 
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Table E-2. Chemical analysis - lonics Aquamite V electrodialysis - 1979 - Continued 

April 23 April 30 May 7 

Sample stream Feed Product Brine Feed Product Brine Feed Product Brine 

pH, units 
TDS, g/m3 
Conductivity at 

25 OC, pS/cm 
E. F. 
Silica, g/m3 
Calcium, g/m3 
Magnesium, g/m3 
Sodium, g/m3 
Potassium, g/m3 
Total iron, g/m3 
Total manganese, g/m3 
Strontium, g/m3 
Bicarbonate, g/m3 
Carbonate, g/m3 
Sulfate, g/m3 
Chloride, g/m3 
T-alkalinity 

as CaC03, g/m3 
T-acidity 

as CaC03, g/m3 
T-phosphorus 

as P04, g/m3 
Hydroxide, g/m3 
C anions, meq/L 
2 cations, meq/L 
Control value, meq/L 

6.6 5.1 3.8 7.0 5.4 4.8 6.8 5.6 4.4 
3162 509 52 438 3498 520 52 760 3251 494 51 680 

5122 746 62 670 5829 876 63 622 5413 814 62 830 
0.62 0.68 0.84 0.60 0.59 0.83 0.60 0.61 0.82 
4.6 4.6 4.0 4.5 4.5 3.0 3.5 3.6 3.5 
5.8 0.6 107 6.5 0.9 128 7.1 1.2 117 
21.2 2.3 395 16.9 1.4 354 19.7 1.6 35.4 
1103 175 18090 1218 169 18760 1126 158 18 140 
11.0 2.2 184 10.6 1.2 148 11.2 1.6 188 
<o. 10 <o. 10 0.28 <O.lO <O.lO <O.lO <O.lO <O.lO <O.lO 
<0.30 <0.30 <0.30 N/D N/D N/D <0.30 <0.30 <0.30 
0.5 0.5 1.9 0.7 0.6 3.2 0.7 0.6 2.3 
10.2 4.9 N/D 17.1 7.3 26.8 14.6 2.4 17.1 
N/D N/D N/D N/D N/D N/D N/D N/D N/D 
910 195 15 360 1010 218 15 140 970 215 15 100 
1100 128 18300 1218 122 18 200 1114 114 18080 

8.4 4.0 N/D 14.0 6.0 22.0 12.0 2.0 14.0 

- - - 

<O.Ol <O.Ol <O.Ol <O.Ol <O.Ol <O.Ol 
N/D N/D N/D N/D N/D N/D 
836.19 55.68 8.10 829.23 51.53 7.21 
829.50 54.98 7.55 855.42 51.26 7.73 

<O.Ol 
N/D 
824.85 
802.70 
-1.72 

<O.Ol <O.Ol 
N/D N/D 
50.15 7.75 
50.31 7.90 
-0.18 -0.66 t2.37 -2.02 to.30 -0.74 0.51 to.72 
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Table E-2. Chemical analysis - lonics Aquamite V electrodialysis - 1979 - Continued 

May 14 May 29 June 4 
Sample stream Feed Product Brine Feed Product Brine Feed Product Brine 

pH, units 7.0 5.4 4.5 6.5 5.1 3.5 6.9 5.0 4.8 
TDS, g/m3 3353 476 50 503 3368 708 56 777 3443 435 33 361 
Conductivity at 

25 T, pS./cm 5443 767 60 782 5423 985 65 645 5797 736 43 176 
E. F. 0.62 0.62 0.83 0.62 0.72 0.86 0.60 0.59 0.77 
Silica, g/m3 4.9 5.0 5.0 3.7 1.6 18.5 4.0 4.2 6.5 
Calcium, g/m3 5.3 0.5 79 8.3 0.7 174 9.6 0.7 109 
Magnesium, g/m3 22.4 1.7 360 14.0 1.6 289 15.6 1.1 190 
Sodium, g/m3 1164 150.0 17620 1157 194 19800 1224 136 11 500 
Potassium, g/m3 7.4 1.0 110 9.8 1.8 171 10.0 0.7 101 
Total iron, g/m3 <O.lO <O.lO 0.12 <O.lO CO.10 <0.32 <O.lO <O.lO <o.lo 
Total manganese, g/m3 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 
Strontium, g/m3 0.1 <O.lO 0.6 0.9 0.8 3.1 0.7 0.6 1.8 
Bicarbonate, g/m3 19.5 4.9 13.7 9.8 2.4 N/D 19.5 5.9 12.2 
Carbonate, g/m3 N/D N/D N/D N/D N/D N/D N/D N/D N/D 
Sulfate, g/m3 984 220 14620 1038 359 17 740 960 205 9340 
Chloride, g/m3 1150 98 17700 1130 146 18600 1200 81.2 12 100 
T-alkalinity 

as CaC03, g/m3 16.0 4.0 11.2 8.0 2.0 N/D 16.0 4.8 10.0 
T-acidity 

as CaC03, g/m3 - - - - - 70.0 - - - 
T-phosphorus 

as P04, g/m3 0.49 0.10 1.25 <O.Ol <O.Ol <O.Ol 0.01 0.02 0.01 
Hydroxide, g/m3 N/D N/D N/D N/D N/D N/D N/D N/D N/D 
2: anions, meq/L 53.26 7.42 804.1 53.66 8.96 894.23 54.17 6.66 536.1 
C cations, meq/L 52.93 6.71 802.9 52.17 8.67 898.20 55.28 6.07 523.9 
Control value, meq/L +0.35 +3.21 +0.10 +1.49 t1.13 -0.28 -1.17 t2.79 t1.44 
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Table E-2. Chemical analysis - lonics Aquamite V electrodialysis - 1979 - Continued 

June 11 June 18 June 25 

Sample stream Feed Product Brine Feed Product Brine Feed Product Brine 

pH, units 7.1 5.4 6.2 7.2 4.8 6.4 6.9 5.0 6.0 
TDS, g/m3 3436 481 36 465 3487 431 19406 3510 461 20 470 
Conductivity at 

25 T, pS/cm 5482 756 44 625 5718 696 27 008 5624 687 27 853 
E. F. 0.63 0.64 0.82 0.61 0.62 0.72 0.62 0.67 0.73 
Silica, g/m3 5.3 4.4 5.5 4.6 1.8 6.5 4.0 4.0 3.5 
Calcium, g/m3 10.0 0.9 137 18.5 1.7 128 22.4 2.3 159 
Magnesium, g/m3 22.0 1.90 280 30.5 2.7 210 31.1 2.2 206 
Sodium, g/m3 1203 153 12560 1180 136 6570 1203 148 6900 
Potassium, g/m3 11.3 1.4 129 12.4 1.2 68 11.6 0.6 73 
Total iron, g/m3 0.18 co.10 <O.lO <O.lO <O.lO <O.lO <O.lO <O.lO <O.lO 
Total manganese, g/m3 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 0.03 <O.Ol 0.04 
Strontium, g/m3 0.8 0.7 2.6 0.3 0.1 1.5 0.4 0.1 1.6 
Bicarbonate, g/m3 23.4 4.9 51.2 20.5 3.9 41.5 17.1 2.9 26.8 
Carbonate, g/m3 N/D N/D N/D N/D N/D N/D N/D N/D N/D 
Sulfate, g/m3 1000 230 10100 1020 213 5050 990 235 5750 
Chloride, g/m3 1160 84 13200 1200 71 7330 1230 66 7350 
T-alkalinity 

as CaC03, g/m3 19.2 4.0 42.0 16.8 3.2 34.0 14.0 2.4 22.0 
T-acidity 

as CaC03, g/m3 - - - - - - - - 
T-phosphorus 

as PO4, g/m3 0.02 0.01 0.30 0.02 0.02 0.03 0.01 <O.Ol <O.Ol 
Hydroxide, g/m3 N/D N/D N/D N/D N/D N/D N/D N/D N/D 
C anions, meq/L 53.94 7.24 583.6 55.43 6.50 312.6 55.60 6.80 327.6 
C cations, meq/L 54.95 6.91 579.6 55.09 6.26 311.2 56.31 6.75 326.9 
Control value, meq/L -1.07 +1.52 to.44 to.36 t1.19 to.29 -0.74 +0.25 to.13 
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Table E-2. Chemical analysis - lonics Aquamite V electrodialysis - 7979 - Continued 

July 3 August 6 August 13 
Sample stream Feed Product Brine Feed Product Brine Feed Product Brine 

pH, units 6.8 4.9 5.9 7.1 4.8 6.3 7.1 5.1 6.3 
TDS, g/m3 3575 410 22263 3434 407 31208 3279 516 34033 
Conductivity at 

25 T, pS/cm 
E. F. 
Silica, g/m3 
Calcium, g/m3 
Magnesium, g/m3 
Sodium, g/m3 
Potassium, g/m3 
Total iron, g/m3 
Total manganese, g/m3 
Strontium, g/m3 
Bicarbonate, g/m3 
Carbonate, g/m3 
Sulfate, g/m3 
Chloride, g/m3 
T-alkalinity 

as CaC03, g/m3 
T-acidity 

as CaC03, g/m3 
T-phosphorus 

as P04, g/m3 
Hydroxide, g/m3 
2 anions, meq/L 
Z cations, meq/L 
Control value, meq/L 

5674 660 
0.63 0.62 
3.9 3.4 
20.1 1.9 
28.3 1.8 
1208 128 
13.2 1.0 
<O.lO <O.lO 
<0.30 <0.30 
0.1 <O.Ol 
17.1 3.4 
N/D N/D 
1068 207 
1216 63 

35137 5569 692 
0.63 0.62 0.59 
4.0 3.0 2.2 
176 9.3 1 .o 
228 11.0 0.79 
7470 1216 133 
93 9.0 0.7 
<O.lO <O.lO <o. 10 
<0.30 <0.30 <0.30 
1.7 0.4 0.3 
20.5 17.1 2.4 
N/D N/D N/D 
6050 1030 205 
8220 1138 62 

41 958 5253 754 43139 
0.74 0.62 0.68 0.79 
27.5 2.7 2.5 3.0 
28.0 10.8 0.9 29.2 
147 19.3 1.5 216 
10900 1149 184 12000 
102 11.0 0.7 122 
<O.lO <o. 10 <O.lO <o. 10 
<0.30 <0.30 <0.30 <0.30 
1.6 0.17 0.05 2.0 
41.5 18.0 4.9 41.0 
N/D N/D N/D N/D 
8600 990 244 9580 
11 360 1078 78.0 12 040 

14.0 2.8 16.8 14.0 2.0 34.0 14.8 4.0 33.6 

- 

<O.Ol 
N/D 
56.83 
56.21 
+0.63 

<O.Ol 
N/D 
6.15 
5.81 
+1.52 

<O.Ol 
N/D 
358.2 
354.9 
+0.60 

0.05 0.03 
N/D N/D 
53.84 6.05 
54.50 5.92 
-0.71 to.61 

0.07 
N/D 
500.28 
490.28 
cl.27 

0.04 0.02 0.06 
N/D N/D N/D 
51.33 7.36 539.87 
52.39 8.19 544.39 
-1.18 -3.76 -0.53 
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Table E-2. Chemical analysis - lonics Aquamite V electrodialysis - 1979 - Continued 

Sample stream 

pH, units 
TDS, g/m3 
Conductivity at 

25 ‘T, pS/cm 
E. F. 
Silica, g/m3 
Calcium, g/m3 
Magnesium, g/m3 
Sodium, g/m3 
Potassium, g/m3 
Total iron, g/m3 
Total manganese, g/m3 
Strontium, g/m3 
Bicarbonate, g/m3 
Carbonate, g/m3 
Sulfate, g/m3 
Chloride, g/m3 
T-alkalinity 

as CaC03, g/m3 
T-acidity 

as CaC03, g/m3 
T-phosphorus 

as PO4, g/m3 
Hydroxide, g/m3 
Z anions, meq/L 
Z cations, meq/L 
Control value, meq/L 

August 20 September 4 September 17 

Feed Product Brine Feed Product Brine Feed Product Brine 

7.0 5.0 6.6 7.1 5.2 6.6 7.2 5.7 6.7 
3072 446 32 322 3223 489 33110 3290 556 33 098 

5038 718 
0.61 0.62 
6.3 6.0 
8.1 0.2 
31.1 2.4 
1015 139 
9.6 0.9 
<O.lO <O.lO 
<0.30 <0.30 
0.4 0.4 
19.5 2.4 
N/D N/D 
914 222 
1068 73.2 

42 247 5171 787 
0.76 0.62 0.62 
6.5 3.9 3.7 
19.6 23.6 2.3 
358 14.5 1.3 
10710 1111 157 
119 10.0 1.1 
<O.lO <O.lO <O.lO 
<0.30 <0.30 <0.30 
1.1 0.4 0.1 
68.3 23.4 4.9 
N/D N/D N/D 
9040 944 242 
12000 1092 76.8 

43 272 5236 955 41819 
0.76 0.63 0.58 0.79 
4.5 3.2 3.1 3.5 
281 8.7 1.1 137 
190 13.7 1.6 200 
11 290 1155 165 11 600 
112 9.6 1.3 106 
<O.lO <o. 10 <O.lO <O.lO 
<0.30 <0.30 <0.30 <0.30 
3.6 0.1 <o. 1 3.2 
88.8 22.0 4.9 87.8 
N/D N/D N/D N/D 
8940 966 273 8860 
12 200 1112 106 12 100 

16.0 2.0 56.0 19.2 4.0 72.8 18.0 4.0 72.0 

- - - - - - 

0.04 0.06 0.08 0.09 0.05 0.24 0.02 0.01 0.02 
N/D N/D N/D N/D N/D N/D N/D N/D N/D 
49.49 6.73 527.94 50.85 7.29 531.84 51.85 8.76 527.33 
47.37 6.29 499.38 50.96 7.08 523.71 52.05 7.40 530.67 
t2.42 t2.10 +3.44 -0.12 to.94 to.97 -0.22 t5.61 -0.40 
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Table E-2. Chemical analysis - lonics Aqua- 
mite V electrodialysis - 1979 - Continued 

Sample stream 

September 24 

Feed Product Brine 

pH, units 7.1 
TDS, g/m3 3262 
Conductivity at 

25 T, pS/cm 5205 
E. F. 0.63 
Silica, g/m3 2.2 
Calcium, g/m3 13.1 
Magnesium, g/m3 15.1 
Sodium, g/m3 1142 
Potassium, g/m3 9.8 
Total iron, g/m3 <o. I 0 
Total manganese, g/m3 <0.30 
Strontium, g/m3 0.3 
Bicarbonate, g/m3 19.5 
Carbonate, g/m3 N/D 
Sulfate, g/m3 960 
Chloride, g/m3 1100 
T-alkalinity 

as CaC03, g/m3 16.0 
T-acidity 

as CaC03, g/m3 N/D 
T-phosphorus 

as P04, g/m3 0.46 
Hydroxide, g/m3 N/D 
Z anions, meq/L 51.35 
C cations, meq/L 51.83 
Control value, meq/L -0.54 

5.1 
513 

907 43860 
0.56 0.76 
2.0 3.5 
0.6 179 
1.5 216 
161 1 I 690 
1.3 104 
<o. 10 <o. 10 
<0.30 <0.30 
0.1 3.2 
2.4 75.6 
N/D N/D 
248 8900 
96 12 320 

2.0 62.0 

N/D N/D 

0.32 
N/D 
7.91 
7.19 

I .80 
N/D 
534.17 
537.95 
-0.45 t3.15 

6.6 
33 491 
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Summary 

TheYuma Desalting Test Facility wasdesigned and 
constructed at the E&R Center by the Bureau of 
Reclamation. During initial operation of the IX pilot 
plant at YDTF, it became apparent that a number of 
serious equipment problems needed resolution 
before reliable operation would be possible. In 
November 1977, duringtrucktransportfrom Denver 
to Yuma, the lower sections of both acrylic IX 
columns were destroyed. This occurred because 
the columns were left in upright operational position 
in the IX trailer rather than packed and cushioned 
for the trip. A rough highway and vibrations caused 
the acrylic columns to fail. Associated piping to the 
columns was broken. All were repaired within 3 
weeks by using materials on hand. Fortunately, 
spare 14-inch acrylic pipe, which was a special 
order item, was on hand at the E&R Center. 

The most serious IX equipment problems arose in 
early 1978 from the 1- and 1.5-inch Plastomatic- 
brand PVC solenoid valves in the IX pilot plant. The 
valve solenoids generated so much heat when 
energized continuously (in the open position) that 
the plastic would soften, allowing parts of the 
valves to separate. This problem was accentuated 
by warm Yuma, Arizona, ambient temperatures. In 
addition, the valves closed so quickly that they 
caused severe, repeated water hammer that 
resulted in the continual appearance of water leaks 
in the threaded PVC piping system. Saline water 
flowing from leaks caused an electrical shock 
hazard as the water contacted the hot, poorly 
electrically insulated solenoids and undergrounded 
solenoid wiring. 

This situation required that the testing be sus- 
pended, and most of the piping and solenoid valves 
in the IX pilot plant were removed and discarded. 
New electric motor-operated PVC ball valves were 
procured from Asahi Valve Company, after an order 
to Cellanese Corporation was cancelled because of 
a labor strike. The entire IX piping system was 
redesigned around the new valves by the Yuma 
Projects Off ice. They were installed with glued PVC 
fittings on specially fabricated pipe support frames. 
This resulted in an excellent piping system, which 
caused minimal downtime during the remainder of 
the test program. The total delay in testing caused 
by the valve problem was about 3 months. 

Numerous problems also were encountered with 
the microprocessor used in the IX control system. 

The original electrical interface between the 
microprocessor and the electric valves and pumps 
did not provide adequate electrical isolation. Elec- 
trical spikes from the operating electrical equipment 
frequently caused the microprocessor to operate 
some valves or pumps erroneously that were not 
specified in the microprocessor program. Several 
months of intermittent work on more refined 
interfacing of the electrical hardware were required 
until a reasonably reliable system was developed. 
The final interface included direct-current-powered 
relays between the microprocessor triacs and the 
motorized valves and pumps. However, even the 
final system was subject to occasional errors due to 
electrical spikes in the power system. Micro- 
processor control technology has advanced con- 
siderably since the subject IX microprocessor was 
purchased, and we believe that present equipment 
would not be subject to the problems encountered. 

Also, there were considerable problems with the 
Signet-brand flow indicators. Because of poor 
selection, the flowmeters had a range too high for 
the flow to be measured, resulting in excessive 
error-especially at low flow rates. These meters 
had analog, current-powered readouts rather than 
pulse-sensing digital readouts. Little trouble was 
experienced with the pulse-sensing converters for 
sending a milliampere signal to the recorder. The 
flow meter hardware included flimsy, poorly in- 
sulated electrical connectors which gave inter- 
mittent signals when the parts became wet or dirty 
- which is inevitable in such a pilot plant. The 
more substantial connectors of the Signet flow 
totalizer gave no such problem and Signet’s more 
recent flow meters use such connectors. Factory 
calibrations had grave error and recalibrations 
were necessary. Volume and stopwatch measure- 
ments ultimately provided the only reliable flow 
rates for the IX. The flow meters were useful only 
as flow indicators. The Leeds and Northrup speed 
max. 250 Series multipoint recorder used to record 
flow rates was unreliable also and was finally 
eliminated after repeated repair work failed to keep 
the device operating reliably. Instead, a digital 
voltmeter was used to monitor the flow readings. 

Some Specific Ion Exchange Equipment Failures 
From Operating Logs 

September25, 1978. -A failure occurred in one 
of the microprocessor circuit boardswhich contains 
the microprocessor output triacs(solid state relays). 
The faulty board was replaced with a spare. The 
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defective board was sent to the E&R Center for 
repair. 

November 26, 1978. - The recycle regenerant 
pump P-4 started leaking at the shaft seal. ln- 
spection revealed that the seal failure was caused 
by scale buildup at the ceramicseal (predominantly 
gypsum). The seal assembly was replaced, the 
scale buildup of the pump parts was removed, and 
the pump returned to service. A flushing procedure 
was developed to minimize scale buildup in the 
pump and appurtenant equipment. 

January 10, 1979. - The chemical injection 
pump, used for addition of acid or caustic to trim the 
pH of filter 10 effluent during transfer to the IX feed 
tank (T-9), failed. 

January29, 1979. -During a fresh regeneration 
of the IX resin at a specified flow rate of 3 L/min, an 
electric valve actuator failed to close a parallel flow 
valve. This resulted in the flow rate increasing to 
approximately 32 L/min, which resulted in a loss 
of about 5700 L of fresh regenerant from the ED 
brine storage tank. For repair, a faulty relay in the 
valve control circuit was located and replaced. In 
addition, operators began a new procedure of 
checking the status of the microprocessor actuated 
valves by observing the valve flags and pumps at 
the start of each microprocessor mode. 

March 10, 1979. - Two equipment failures 
occurred during fresh regenerant production cycles. 
The level control system of metering tank 2 failed to 
stop the fresh regenerant pump 1 when the tank 
level reached the pump cutout point. This failure 
was detected when it happened, and equipment 
damage or lost time did not occur. Inspection of the 
low-level sensor revealed that process water had 
entered and damaged the electrical component of 
the sensor. The failed sensor was replaced when 
power could be interrupted in the microprocessor 
control system without losing time. The alternate 
metering tank T-l was used in the interim. The 
other failure occurred during both regeneration 
and exhaustion modes. Motor-operated valve 21, 
oneof thethree column 1 regeneration flow control 
valves, opened without being selected at about 3 to 
4 minutes into these two modes. Upset did not 
result from either occurrence because an isolation 
valve was closed manually immediately after the 
first incident occurred. The intermittent nature of 
this type of failure makes isolation of the cause(s) 
difficult. 

March 27, 1979. - Faulty low-level sensors in 
volume metering tanks T-l and T-2 were replaced. 

Aprils, 1979. -A rupture occurred in the lower 
section of column 1 during the exhaustion mode of 
cycle 3.08.25A. A large fragment of the 360-mm 
acrylic cylinder broke away, spilling the majority of 
the resin from the column. The rupture occurred 
under approximately 60-kPa shell pressure along 
paths of dense internal crazing which were visible 
prior to the rupture. Inspection of other crazed 
areas of the broken cyclinder section revealed that 
the crazing was internal to the 6-mm-thick cylinder 
wall; that is, the inner and outer wall surfaces were 
smooth. Gradual crazing is a property of acrylic in 
contact with water and limits the useful life of 
acrylic for aqueous applications. 

April 9, 1979. - The 4-mm (No. 5 sieve) fabric 
screen which was glued to the distribution plate 
above IX column 2 became partially unglued. The 
screen was replaced with a larger circle of screen 
retained by flange gaskets. 

April 18. 7979. - A replacement IX column 
fabricated at the Bureau of Reclamation, E&R 
Center, was received at YDTF and installed. The 
column replaced original column 1 which failed on 
April 5. A spare replacement column was shipped 
from the E&R Center later. The need for the spare 
was evident from the extensive crazing in the 
acrylic cylinders of column 2. Similar crazing was 
theonlyforewarning of the failure of column 1. Use 
of the same material (acrylic) for fabrication of the 
replacement columns rather than clear PVC re- 
sulted primarily from the time constraint. The 
replacement column 1 was tested hydraulically 
and loaded with resin. 

A problem of poor flow distribution in the IX column 
1 was investigated. Upon testing, it was found that 
the flow distribution across the plate was uneven. 
The diameters of the distribution plate orifices, 
which were all .originally 1.6 mm, were found to 
vary significantly even after cleaning. Generally, 
proximal orifice erosion and distal orifice fouling 
were evident in the 356-mm-diameter distribution 
plate from the single, central, 24-mm-diameter 
flow source. The orifices in the central portion of 
the plate was blocked off with an acrylic cover 
which was redrilled to provide a balanced flow 
distribution. 

July 19, 1979. - Owing to frequent micropro- 
cessor malfunctions, the IX operation was switched 
to manual control and the microprocessor was 
removed for maintenance. 

July24, 1979. -The agitator drive-motor bearings 
became noticeably noisy in operation. The motor 
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was removed for disassembly and inspection. The 
bearings were found to be in need of replacement. 
Following reassembly and testing, the motor was 
installed, and the agitator was returned to service. 
Maintenance was completed during a period when 
operation of the agitator was not required. This 
failure occurred because the agitator had not been 
lubricated according to manufacturer’s recom- 
mendations. 

August 8, 1979. - Prior to cycle 3.23.05A, the 
microprocessor, which had been removed on July 
19, was reinstalled and operation was returned to 
microprocessor control. Several relays had become 
marginally operable and had to be replaced. The 
long downtime was due to delivery delays for the 
relays and some capacitors. The capacitors were 
required to eliminate microprocessor errors, which 
resulted from electrical spikes, from various elec- 
trical sources. 

August 20, 1979. - The start of cycle 3.23.29 
was delayed 1.3 hours due to a microprocessor 
relay malfunction. The faulty relay was replaced 
and normal operation was resumed. 

September 8, 1979. - The beginning of cycle 
4.01.34 was delayed 9.0 hours due to a mal- 
function of the low-level sensing device of tanks 
T-9 and T- 10. 

lonics Aquamite V Electrodialysis Equipment 
Failures From Operating Logs 

October28, 7978. -The motor-operated product 
diversion valve failed and caused the 1 1 O-V control 
circuit fuse to fail. Since the unit was not able to 
attain 95 percent recovery and the reason was not 
apparent at the time, the ED unit was left secured 
over the weekend. 

October 30, 7978. - The motor capacitor and 
motor were found to be defective on the product 
diversion valve. These components were replaced 
and the valve was tested and returned to service. A 
relay in the valve control circuit was found to have 
burned contacts and this relay was replaced also at 
the time. The ED unit was brought on-line and 
adjusted to 95-percent recovery, However, recovery 
repeatedly dropped below 95 percent and the 
desired brine conductivity of 6.2 S/m could not be 
attained. 

November 7, 7978. - The product diversion 
valve failed again. The valve was returned to 
service but, within a few hours, the controller 

housing became abnormally warm. The entire 
valve and controller assembly was replaced. This 
solved the problem and the removed valve was 
repaired. 

November 11,1978. -The membranestackwas 
disassembled and inspected following the devel- 
opment of an excessive voltage drop across a group 
of cell pairs in the first hydraulic stage. Incomplete 
cell pairs were found at two locations in the area 
where the excessive voltage drop had been de- 
tected. The membranes that were out of sequence 
were relocated to their correct positions during 
reassembly. (The stack had been assembled in this 
disorder by the manufacturer’s representative.) 
Other problems were not found. A voltage probe of 
the stack following reassembly indicated a normal 
voltage drop pattern throughout the stack. 

November 72,1978. -Tests conducted revealed 
that the high-pressure relief valve located at the 
brine pump discharge had failed and was relieving 
back to the suction side of the pump. This failure 
was severely limiting the quantity of brine recycle 
and, thus, that of the recovery and reject con- 
centration. The valve was replaced and the unit 
was returned to service. The defective valve was 
shipped to lonics, Inc. for replacement under 
warranty. 

November 20, 1978. - A replacement brine 
pump was received and installed on the ED unit. 
The bronze Aurora-brand (a unit of General Signal 
Corporation) turbine pump gradually lost output 
pressure because corrosion of the close tolerance 
impeller. This type of corrosion is accelerated at 
high brine concentrations and low pH. 

November 1978. - Installation of instrumen- 
tation for automatic startup and shutdown of the 
ED unit was completed. The equipment monitored 
the level in the ED feed tank and operated the unit 
on the basis of feed water availability. 

Electrical and plumbing preparations were begun 
to allow relocation of the ED unit prior to Phase 2 of 
the high recovery program. A 2- by 1 O-m enclosed 
trailer located south of the IX trailer was outfitted to 
contain the ED unit. Relocation of the ED unit was 
done to allow preparation for PTU (proof test unit) 
installations on RO pad 2 where the ED was located 
originally. The move was accomplished on De- 
cember 26, 1978. 

The high-level sensor float in the brine storage tank 
T-28 failed to indicate a high-level condition on 
December 18, 1978. The situation was discovered 
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before any loss of brine occurred. The float was 
foundwedged between the low-level sensor conduit 
and the tank wall. The high-level sensor was 
relocated during the week to prevent a recurrence. 

Partial drain down of the ED stack and piping had 
occurred during shutdown periods since Decem- 
ber. On December 21, 1978, the main ED feed 
valve was inspected and found to be out of ad- 
justment. The cam-operated microswitches in the 
actuator were adjusted to provide a watertight seal 
when the valve was closed. 

During past operation of the ED unit, numerous 
failures have occurred in the product and brine 
diversion valves. These two valves were operated 
in parallel on the ED used for high recovery, by 
diverting the product and brine back to the feed 
tank when the brine was off specifications, or to 
storage when the brine met specifications-as 
measured by a brine inline conductivity instrument. 
Continuous cycling of the valves when the brine 
stream was at, or passing through, the specifica- 
tions level was contributing to the valve failures 
described earlier. A time delay relay was installed 
to delay the diversion of the product and brine 
streams to storage. This modification reduced the 
numberottimesthesevalvescycledasthecriterion 
level was passed. 

Because of the relocation of the ED unit to a more 
remote and elevated location with respect to the ED 
feed tankT-33, the need of a transfer pump in the 
feed system was required for providing adequate 
flow. The control of the transfer pump was inte- 
grated with the ED control circuit to provide com- 
pletely automatic operation with provision for 
manual shutoff override at the pump for main- 
tenance and safety. 

November 20, 1978. - A decline in the ED unit 
brine pump capacity was noted. The brine pump 
was replaced due to loss of pumping capacity after 
about 360 hours of unit operation at varied brine 
concentrations. As a result the brine pH was added 
to the list of unit conditions being monitored and 
recorded. A criterion was established that, if the 
brine pH was detected to drop to 5.2 pH units or 
less, the rectifier was to be turned off and the brine 
stream flushed with feed water until the brine 
stream pH reached 6.4 units. 

* * * * * 

February 7, 1979. - To improve the accuracy of 
the TDS through determinations from electrical 

conductivity measurements in the YDTF Chemical 
Laboratory, the Beckman Instruments, Inc. model 
RC-18A conductivity bridge was sent to the Yuma 
MCAS (Marine Corps Air Station). On February 5, 
MCAS returned the bridge after checking the 
values of bridge resistances and replacing corroded 
wires. At YDTF, calibration of the epoxy dip con- 
ductivity cell with a standard cell yielded a correction 
factor of 1.02. These corrections reduced the 
instrument error from approximately 7 percent 
down to within 2 percent of documented solution 
conductivities in the range of 2 to 5 S/m. 

March 23, 1979. - The bronze ED concentrate 
pump was replaced again, this time after about 940 
hours of operation at varied brine concentrations. 
Inspection of the pump revealed the obvious cause 
of the performance decline to be erosion at both 
radial edges of the turbine buckets. This wear 
appeared to be accelerated by corrosion. A crack 
was detected in the pump’s outer casting. Re- 
placement parts were ordered. Upon arrival of 
parts, the damaged pump was rebuilt (as a spare). 
Isolation and bypass valves were installed around 
the ED feed-forwarding pump to allow flushing of 
the membrane stack using clearwell forwarding 
pump 3. A faulty local cutout switch in the ED 
feed-forwarding pump control circuit was replaced. 

March 27, 1979. -The ED unit was secured due 
to burning of components in the membrane stack. 
The burning was detected when an operator 
removed the stack enclosure panels to investigate 
an odor of burning plastic. Fusing of the outer edge 
of several electrode and intermembrane spacers 
was evident near each of the four electrodes. The 
membrane stack was disassembled and selected 
components were inspected. The most significant 
and obvious damage was sustained by the electrode 
plates themselves. Generally, damage to the elec- 
trodes appeared to result from failure of the very 
thin plastic insulation tape used to prevent short 
circuiting of current between intended dead areas 
of oppositely charged electrodes. The location of 
damage to the electrode plates indicated that short 
circuiting occurred: (1) through the intraelectrical- 
stage brine channels, and (2) across the outer 
surface of the membrane stack. The visible minor 
damage to other elctrode compartment components 
and adjacent components was limited to non- 
effective areas of those compartments. All of the 
needed replacement components were on hand. 

April2, 1979. - Reassembly of the ED membrane 
stack was completed. The components of all four 
electrode compartments (electrodes, electrode 
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spacers, and electrode heavy cation membranes) 
were replaced. In addition, 14 cation membranes, 
10 anion membranes, and 17 intermembrane 
spacers were replaced. The ED unit was returned 
to service following 158 hours of downtime. 

April9.1979. -A high, 26-Vdrop was measured 
across the second “Y” stream spacer of the third 
hydraulic stage of the ED unit. The unit was 
secured immediately. On April 10, the membrane 
stack was disassembled and inspected. Obser- 
vations were: 

1. The electrical insulation tape on all four 
electrodes had deteriorated by current short 
circuiting between intended dead areas of 
the electrodes above and below both the “X” 
and “Y” channels (the dilute and concentrate 
streams, which interchange with polarity 
reversal) and along all four outer edges of 
the four electrodes. 

2. In the second hydraulic stage, the outlet 
ports of the last two “Y” stream spacers 
were obstructed with a salt which was 
insoluble in a 10 percent HCI solution - 
indicating that the saltwas probably gypsum. 

3. The first eight cell pairs of the third hydraulic 
stage had a heavy salt encrustation partially 
obstructing the “Y” outlet channel. 

4. The inlet port of the last “Y” stream spacer 
in the third hydraulic stage was obstructed 
with salt. 

5. A heavy residue of salt was precipitated on 
the widest wall of the trapezoidal “X” stream 
inlet channel through the last three cell 
pairs of the fourth hydraulic stage. The “X” 
stream spacer inlet ports are opposite the 
widest wall and were unobstructed. 

Component replacements included: 

Component repairs were: 

1. All electrical insulating tape was removed 
from replaced electrodes and fresh tape was 
applied. 

2. Electrode compartment spacer channel 
inserts were mended with RTV (silicone 
base sealant). 

3. Brine pump channel rings and impeller 
were replaced with spares. 

April 74, 1979. -The ED unit brine pump failed 
again. The pump had operated only 15 hours after 
being rebuilt on April 13 with the best used 
components on hand. The ED unit remained off line 
until April 16 when the brine pump capacity was 
restored following assembly with a set of re- 
machined channel rings. Failure downtime of the 
brine pump was 56 hours. 

April 19, 1979. - A new bronze turbine pump 
was received from lonics, Inc. The new pump was 
installed in place of the pump that was re- 
assembled on April 16 since it was already failing. 

May3, 1979. -The bronze ED concentrate pump 
was replaced with a Flotec, Inc. model Cl 0 pump 
received onsite May 2. The Flotec pump was 
constructed of PVC and had a Hastelloy TM type 
shaft. There was no downtime due to the brine 
recirculation pump after the pump substitution was 
completed. 

May 14, 7979. - The ED membrane stack had 
been flushed with a 5-percent solution of HCI due 
to a higher than normal voltage drop (26 V) 
occurring during negative polarity above the lower 
electrode of the first electrical stage. On May 21, 
the ED stack was disassembled because of recurring 
higher than normal voltage drop (20V) in the same 
vicinity under the same conditions. 

1. All four electrodes, 
Observations were: 

2. E-l electrode compartment spacer, and 
1. First hydraulic stage 

3. Components of the first two cell pairs below 
E-3 (two cation membranes, two anion 
membranes, and four intermembrane 
spacers). 

a. The first sixcell pairswerefused together 
by melted spacer plastic at the outlet 
port corner. 
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2. Second hydraulic stage 

a. The cell pair 49 lower spacer was ob- 
structed with white salt (soluble in 1 O- 
percent HCI) through the last three 
passes and at the rectangular inlet port. 

b. The electrode compartment and com- 
ponents of the cell pair directly above 
cell pair 49 were fused at the outlet port 
corner and inlet port corner. 

c. The heavy cation membrane and elec- 
trode compartment spacer areas near 
the electrode compartment spacer in- 
serted channels were partially separated 
from the remainder of thosecomponents 
and were burned at the edges of these 
areas. 

Replacements were: 

1. First hydraulic stage 

a. Cell pair 75, anion membrane andspacer 
above and below, were replaced because 
of shear damage - probably resulting 
from spacers misalignment. 

2. Second hydraulic stage 

a. For cell pairs 40,44,45,46, and 48, the 
same components were replaced for the 
same reason as 1 a. above. 

b. For cell pairs49 and 50, all components 
were replaced because of scaling. 

May 29,197s. -The ED unit was shut down on 
May 29 because of leakage from the brine di- 
version valve. A failed O-ring seal was replaced and 
the unit was returned to service after 1.3 hours. 
Therewas not any IX experiment downtime because 
continuous operation of the ED unit was not 
required. 

June 11 through 13, 1979. - Several inter- 
mittent failures of the starter unit (230V)for the ED 
feed transfer pump motor were experienced. On 
one occasion, the transfer pump failed to start, and 
was electrically “tripped” off line on three occa- 
sions. The problem was eliminated by replacement 
of one of the two-phase overload relay heater 
elements (eutectic alloy and ratchet type). The 
failures resulted in 2 hours of lost time for the test 
program. 

July 10, 1979. -The ED stack was disassembled 
for inspection and installation of the improved 
electrode compartment spacers, which were re- 
ceived on July 9. The new spacers were sent by 
lonics, Inc. to provide better electrical insulation. 
Observations were: 

1. Electrical Stage 1 

a. Rectangular grommet of electrode E-l 
was torn. 

b. There was slight scaling around E-l port 
openings. 

c. There was fusing of the inserts in the 
closed off ports of the E-l spacer to the 
electrode compartment cation mem- 
brane. 

d. There was slight fusing on the corner of 
the first five cell pairs near the outlet 
ports. 

e. Therewas minimal damagetothetaped 
areas of electrode E-2. 

2. Electrical Stage 2 

a. 

b. 

C. 

d. 

e. 

f. 

The encapsulation of the electrode rinse 
ports of electrode E-3 was crinkled and 
separating. 

The electrode terminal side of the stack 
showed a severe brown discoloration 
caused by rust from the center electrode 
connector. 

A minor flaw from manufacturing was 
discovered in the cation membrane of 
cell pair 112. 

There was white precipitate on the 
edges of the “Y” inlet ports of cell pairs 
119 through 125. The sample was sol- 
uble in 1 O-percent HCI and effervesced 
profusely and was thus assumed to be 
calcium carbonate. 

Minimal fusing occurred in cell pair 123 
on edge near “Y” inlet ports. 

Anion rnembrane of cell pair 124 was 
slightly warped and fused to the spacer 
near “Y” inlet ports. 
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g. A slight separation of closed off ports of 
the electrode compartment spacer was 
noted (E-4 compartment). 

h. There was a white deposit around “X” 
inlet port of electrode E-4 and a slight 
deterioration of tape along one edge. 

Repairs and replacements were: 

1. Electrical Stage 1 

a. On electrode E-l, the edges were re- 
taped and the grommets were replaced. 

b. Electrode E-l spacer was replaced. 

c. All components of cell pairs 1 through 5 
were replaced. 

d. Electrode E-2 compartment spacer was 
replaced. 

2. Electrical Stage 2 

a. 

b. 

C. 

d. 

e. 

f. 

Electrode E-3 compartment spacer was 
replaced. 

The cation membrane of cell pair 112 
was replaced. 

Anion membrane of cell pairs 124 and 
125 was replaced. 

Heavy cation membrane was replaced. 

Electrode E-4 compartment spacer was 
replaced. 

E-4 electrode was replaced with a re- 
&aped spare electrode. 

Most of these stack failures occurred because of a 
poor insulation design in the lonics, Inc. ED stack, 
which became evident during high recoveryopera- 
tion. Later design modifications by lonics, including 
encapsulation of insulated electrode areas, miti- 
gated many of these problems. 
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APPENDIX G - MODIFIED GYPSUM SATURATION COMPUTER PROGRAM 

Modified gypsum saturation computer program 
was based on one used at YDTF for estimating the 
percent recovery or concentration factor corres- 
ponding to calcium sulfate saturation [9]. 

The program is written in FORTRAN IV and used on 
a Control Data Corporation computer at the E&R 
Center. TheYTDF program was modified to calculate 
the incremental molar concentration to saturation 
for the particular solution; that is, the moles/L of 

gypsum that needed to be added (-) to or removed 
(+) from the starting solution to reach saturation in 
gypsum. Thus, only the Cat2, SOi2, and TDS were 
changed in the entered solution composition to 
reach saturation, unlike the “Marshall Program” 
[9] used at YDTF in which the concentration of all 
ion charges with the concentration factor. 

The following program was used to calculate 
values shown in table 11. 

00100 PRDGRAM LAVEGWA(INPUT.flUTPUT.TAPE5.INPUT.TAPE650UTPUT) 
00137c 
00200c GYPSUM PECCIPITATION CALCULATIONS 
ocJ3ooc PROGRAM IN FORTRAN - ALTERFD FOR HIGH RECOVERY EXPERIMENTS 
oo~ooc MODIFIED BY J. KAAKINEN 
00500 DIMENSION TI?LE(4).CA(13).VAL(l3t,VVV~t3J.ATOMYT(13) 
00501 DATA ATDMWT/40.08.24 312.22.989R.39.102.55.947. 
00502t ‘J4.938.8~7.62.1.0.61.001.1.0,9ci.04.35.453.94.9498/ 
00505 DATA VAL/2.0.2.0.1.0.1.0.2.0.2.0.2.0.1.U.1.0.1.D. 
0050ci+ 2.0.1.0.3.0/ 
005 1oc 
COfiltC RFAD IN TITLE, TEMP. ARRAV CA FOR ION VALUES 
00512c 
03515 
00516 
00517 
00520 
00523 
00526 
00529 
CO532 
co535 
00530 
00540 
00900 
01000 

22 PRTNT *.#ENTFR THE TITLEY 
READ(5.3) TITLE 
3 FORMAT(4AlO) 
PRINT f .#CNTER THE TEMPERATURE IN DEGRFES CELSIUS# 
REA@ *,TEMP 
Pt?INl’.HENTER THF MG/L CJF THE IONS IN# 
PRINT*. HORDFR USING ZEROS FOR NON-DETFCTED OR NOT USED.Y 
PRINT* .UPUT COMMAS BETWEEN VALUES AN0 NEGLECT T-ALK.W 
PRINT* .b’P-ALK. AND NH-PDOH 
READ* .CA 
CACA=CA(l) 
TA?TEMP+273.16 
SOLPO-10.‘*(390.9619-152.6246*ALOGlO(TA) 

01100+-12545.6/TA+0.0R18493*TA) 
01200 XKDISO=l0.*r(-158.54O+62.160*ALOGlO(TA) 
01300++4810.6~1A-0.@4629B*TAt 
0 13(>2C 
01:303C CALCIJLATE THE CURVE DATA OHS 
ot304c 
01305 IF(TA LE.273.0 .OR. TA.GT.373.0) GO TO 21 
01310 DtiS=0.00997*TA”0.6939 
01315 GO 10 30 
01320 21 IFtTA.LE.273.0 .OR. TA.GT.550.0) GO TO 31 
01325 UHS~0.00005049*TA*+l.506 
01330 GO TO 30 
01335 31 PRINT*, #ERROR IN TEMPERATURE ABSOLUTE. TA = Y.TA 
01340 GO 70 99 
ot345c 
0135OC CALCULATE A.5.C 
01355c 
01360 30 A--1.60 -0.155 l EXP(-O.O2054*TEMP) 
01365 B= 0.000 l EXP(-O.O605*lEMP) 
01370 c= 0.02 * EXP(-O.O1336*TEMP) 
01375c 
;;3;;; CALCULATE Afl. CALl. R. TMGI 

01386 KK*O 
01397 DO 33 K=l.lOG 
01390 AIl=O.O 
01395 DO 35 1=1.13 
0140’3 YVY(I) = CA(I):(lODD.O l ATOMWT(1)) 
01406 AIl=AIl + fYYV(I) / 2.0 l VAL(I)*+Z) 
01410 35 CONTINUE 
01415 CALI-YYV(1) 
01420 R=YVY(ll)/YYV(l) 
01425 TMGl=YYY(Z) 
01600 SOLPl=R*CAL1*+2 
01700 WF1=A11.(0.05538-0.003260*A11+0.00012489*A11**2) 
01800 FWl=AIl*~Q.997Q-0~0JB83*AIl~ 
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02000 ASSMG=O .O 
02100 CFML-1 
02200 DO 23 J=l.lOO 
02300 CAL=CALl*iFML 
02400 TMG=TMGl*CFML 
02500 AI=AIl*CFML-4.*ASSMG 
02600 SOLP=SOLPcl*lO. +*(~.*DHS*S~RT(AI)/(I.+A*SORT(AI)) 
02700++B+AI-C*AI**Z) 
02600 XKDIS=XKDISO*lO. l ~(~.+~HS~SORT(AI)/(I.+~ORT(AI)): 
02900 ASSMG=TMG*SOLP/(XKDIS*CAL+SOLP) 
03000 X=SQRT((SOLP+ASSMG*CAL)/SOLPl) 
03100 IF(ABS(X-CFML)/X-.001)24.24.23 
O3230 23 CFML=X 
03205 24 IF(AsS(X-1.09)-0.005)34.34.25 
03210 25 SCR=(YYY(ll)*X-ASSMG)/(VVV(l)*X) 
03215 IF(SCR-1.)27.26.26 
03220 26‘CALN=YVV(i)*X 
03225 YVY(ll)=YYY(il)-VVY(l)+CALN 
03230 VVV(l)=CALN 
03235 GO TO 29 
03240 27 SULN=VYY(il)*X 
03245 YYV(l)=VYY(l)-YYV(ll)+SULN 
03250 YYV(ll)=SULN 
03255 29 CA(1)=YYY(l)*lOOO.+ATOMWT(l) 
03260 33 CA(ll)=VYY(ll)*10OO.*ATOMWT(ll) 
03265 34 KK=KK+K 
03300 JJ=J 
03301 CASR=(CACA-CA(l))/ATOMWT(l) 
03400 AIF=CFML*AIl 
03500 CFWF-AIF*(0.05936-0.003260*A1F+0.00012499* 
03600+AIF*~2)/WFl 
03700 CFMR=AIF+(O.9970-O.Ol9E3*AIF)/FhlRl 
03800 WRITE(6.4)TITLE 
03900 4 FORMAT(///iH .4AlO) 
01000 WRITE(6.5)AIl 
04100 5 FORMAT(27H IONIC STR OF SALINE WATER=El2.4) 
04200 WRITE(6.6)CALl 
04300 6 FORMAT(26H INITIAL CONCN OF CALCIUM=E12.4) 
04400 WRITE(6.7)R 
04500 7 FORMAT(2OH MOLAL RATIO 504/CA=E12.4) 
04600 WRITE(6.6)TMGi 
04700 6 FORMAT(26H INITIAL CONCN OF MAGNESIUM~Et2.4) 
04600 WRITE(6.9) 
04900 9 FORMAT(“6H A PAR FOR KDISS(MGS04)=1.0 //) 
04910 WRITE(6.91)CA(l) 
04915 91 FORMAT(3lH CALCIUM CONCENTRATION (MG/L) =FlO.2) 
09420 WRITE(6,92)CA(iI) 
09425 92 FOPMAT(31H SULFATE CONCENTRATION (MG,‘L) =FlO.2) 
09426 WRlTE(6.94)CASR 
09427 94 FORMAT(32H CAS04 PRECIPITATED (MMOLES/L) =F6.4) 
09430 WAITE(6.93)KK 
09440 93 FORMAT(7H ITJK =X6//) 
OSOCK) WRITE16.10) 
05100 10 FClRMAT((60H CONCN FACTORS FOR CASO4 DIHVDRATE).CF=CONCN(SATD)/CONCN(INI 
05200+4HTIAL)) 
05300 WRITE(6.11) 
05400 11 FORMAT(6lH TEMP(C) CF(MOLAL) CF(MOLAR) CF(WT FRACT) ION STRtMOLAL-SAT0 
C55CX)+l?H SOLV PD(ZER0) IT) 
05600 WRITE(6.12)TEMP.CFML.CFMR.CFWF.AIF, 
o57oO+soLPo.JJ 
05600 12 FORMAT(lH.F9.0.2Fl0.5.F13.5.Fl6.5.F17.6.I3//) 
05900 WRITELG. 13, ~. 

06000 13 FORMAT(52HOPARTICULAR CONSTANTS USED IN THE ABOVE CALCULATIONS) 
06100 WRITE(6. l4) 
06200 14 FORMATfBOH TEMP(C) OH SLOPE K(O)OISS(MCS04) A PARA B~GVPS) 
06300+9H CtGYPS) 1 
06400 WRITE~6.15)(TEMP.DHS.XKOISO.A,l3,C.I=l,NST) 
06500 15 FORMAT(Fl0.2.F10.4.3X.Fl4.6,Fl3.3.2Fll.4 ) 
06600 RECOV=lOO-lOO/(CFMR) 
06700 WRITE(6.16)RECOV 
06.500 16 FORMAT(//lElHOPERCENT RECOVERV=FlO.P//) 
06605 99 PRINT*. NO0 YOU WANT TO PROCESS ANOTHERI 
066tO PRINT*.XSET OF OATA\ - TYPE YES OR NON 
06815 READ(5.2) IANS 
06620 2 FORMAT 
06830 IF(IANS.EO.BHVES) GO TO 22 
06835 STOP 
07000 END 
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APPENDIX H - SAMPLE OF ION EXCHANGE DATA REDUCTION 

The following is a description of the methods used 
in the mathematical analysis of an ion exchange 
data cycle. Data from cycle run No. 2.01.76 are 
used in this sample calculation. Raw data sheets, 
tables H-l, H-2, and H-3, include the IX operating 
data sheet, which has the lines numbered here for 
easier reference, the operator’s tritration data 
sheet, and the chemical laboratory analyses sheets, 
respectively. Chemical laboratory results, and not 
operator’s titration results, are used in this sample. 
Results for this sample calculation are in table B-5 
and figure B-3 in appendix B. 

incremental times between samplings were de- 
termined by calculating the difference between 
sampling times for the laboratory analysis or titra- 
tion data sheets as shown in table B-3. The 
incremental bedvolume(throughput betweensamp- 
lings) was the product of the time increment and 
the flow rate; for example, 7 min X 0.267 BV/min = 
1.87 BV. The accumulated bed volumes were the 
sums of the corresponding and all previous volume 
increments of that mode. In the case of Regenera- 
tion 2, the accumulated volume was continued 
from Regeneration 1. 

The volume of resin in column 1 was 97.3 L. This 
value was calculated from an average resin height 
of 1066 mm (measured after backwash, regen- 
eration, and drain down to the top of the resin bed) 
and the column inside diameter of 341 mm, 
corresponding to 91 300-mm2 of cross-sectional 
area. Thus, the resin volume was 97.3 L (1066 by 
91 300-mm2). This volume was used in the ex- 
pression of IX throughput volume as numbers of 
resin BV(bedvolumes) a dimensionless expression 
of water throughput volume, flow rates (BV/min), 
and for the calculation of specific resin capacities 
as equivalents of calcium removed per liter of resin 
(WU 

Regeneration 3. - The total volume was 400 L, 
listed as volume from tank 2 in line 5: 400 L + 
97.3 L= 4.1 1 BV. The duration was 135 minutes as 
given in line 27. The average flow rate was 
2.96 L/min (400 L + 135 min) or 0.030 BV/min 
(2.96 L/min t 97.3 L). 

Rinse. - Only a slow rinse was used. The volume 
throughput was recorded as a totalized volume of 
150 L on line28. Applying a calibration factor of 1 .l 
(unnecessary for cycles after 2.01 .119A when the 
totalizer was recalibrated) gave a throughput of 
165 L, or 1.70 BV. The duration was 10.0 minutes 
(line 27). The flow rate was 16.5 L/min (165 L t 
10 min) or 0.17 BV/min. 

Throughput Volume Calculation for Each Mode 

Throughput volumes are used in plotting column 
effluent concentration data and for calculating 
average leakage and resin capacity. 

Regeneration 7 (or Backwash). - The mode 
duration from operating data sheet (table H-l) line 
14 was 7.00 minutes. The flow rate from line 15 
was 28 L/min, which corresponds too.287 BV/min 
in terms of bed volumes (28 L/min f 97.3 I). Total 
throughput volume was 196 L (7.00 min X 
28 L/min) or 2.01 BV (196 L + 97.3 L). Percent bed 
expansion was calculated from the resin height 
measured at the end of the mode and from the 
standard resin height. Thus, [169.0 cm (line 17) - 
106.6 cm] f 106.6 cm = 0.59 or 59 percent. 
Samples were collected at the beginning of the 
mode and at the end, as shown in table H-2. 

Service or exhaustion. - Leakage gradually rose 
to the termination point of 3.0 meq/L calcium at a 
time of day of 1310 (military time units), as shown 
on the titration data sheet. The elapsed exhaustion 
time was 164 minutes (line 17). The total volume 
throughput, 4450 L (line 12), was corrected by the 
1 .l calibration factor to 4895 Lor 50.3 BV. Average 
flow rate was 29.8 L/min (4895 L f 164 min) or 
0.307 BV/min. The time increment and volumes 
were calculated the same as for regeneration. 

Discrete Column Effluent Concentrations 

The concentrations, expressed in meq/L, were 
calculated from laboratory analyses for Ca, Mg, and 
Na. The equivalent weights of Cat2, Mg’2, and Na+l, 
are 20.04, 12.15, and 23.0, respectively. Cacula- 
tions of the concentrations for sample No. AN 502 
in table H-3 are illustrated as follows: 

Regeneration 2. - The initial sampling point 
corresponded to the last point of Regeneration 1. 
Total volume was calculated from the duration in 
line 17 and the flow rate in line 19; 34.0 min X 
26 L/min = 884 L; 884 L f 97.3 L = 9.09 BV. The 

Ca: 630 mg/L+ 20.04=31.4 meq/L 

Mg: 360 mg/L + 12.15 =29.6 meq/L 

Total 
hardness: 31.4 meq/L + 29.6 meq/L= 61 .O meq/L 
(assumed Ca + Mg) 

Na: 2290 mg/Lt23.0=99.6 meq/L 
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In the case of the end of Regeneration 3, the last 
sample collected is from above the resin bed 
during drain down. 

A plot of data from these calculations is shown in 
appendix figure B-3. 

Average Column Exhaustion Effluent Concentra- 
tions. -Theseyieldedtheoverall calcium andtotal 
harness balance of a run. They were obtained by 
numerical integration (using the trapezoidal me- 
thod) of the data in calculations for calcium, as 
follows: 

Ca: (6.27 meq/L - 0.83 meq/L) 4895 L = 26 600 meq = 26.6 eq 

Mg: (6.06 meq/L - 2.14 meq/L) 4895 L = 19 200 meq = 19.2 eq 

Ca t 
Mg: (12.3 meq/L - 2.96 meq/L) 4895 L = 45 800 meq = 45.8 eq 

Na: (38.1 meq/L - 47.4 meq/L) 4895 L = -45 500 meq = -45.5 eq 

The sum of Ca+Mg and Na is 300 meq or 0.3 eq. 
(This information is a check for arithmetic and 
other errors only and is not reported in the IX data 
packets contained in appendixes B, C, and D.) 

5.83 ( o’2g;o’26)t4.605~ ‘3 t3.07( 2’5g;2’g4)=4,,6 ( meqL-BV) +026+027+033+045+076+1 24tl 85t 

Dividing by the 50.3-BV throughput yields an 
average calcium leakage of 0.827 meq/L. Using 
the same procedure, average exhaustion effluent 
concentrations for Mg, total hardness, and Na 
were calculated as 2.14 meq/L, 2.96 meq/L, and 
47.4 meq/L, respectively. 

Average Exhaustion lnfluent Concentrations. - 
Average Ca in samples No. AN 520, AN 534, and 
AN 526 from chemical analysis sheets yielded 
6.27 meq/L Ca. The calculations for the major 
cations was similar, yielding for Mg, Ca+Mg, and 
Na: 6.06 meq/L, 12.3 meq/L, and 38.1 meq/L, 
respectively. 

Major Cation Balance 

For Ca, Mg, CatMg (total hardness), and Na in 
terms of equivalents exchanged, the influent minus 
the effluent should be close to zero. 

Calculation of Resin Capacities 

For Ca, Mg, Ca+Mg (approximate total hardness), 
the equivalents removed (calculated above) divided 
by the resin volume yield resin capacities for the 
particular operating conditions. 

Ca: 26.6 eq + 97.3 L = 0.273 eq/L 

Similarly, resin capacities for Mg and Ca + Mg are 
0.197 eq/L and 0.471 eq/L, respectively. 

Calculation of TWRC 

Values for TWRC for calcium were calculated from 
the specific resin capacity (0.273 eq/L) and total 
cycleduration(7t34t135t3tlOt164=353min). 
For cycle 2.01.76 the lWRC was 0.273 + 353 = 
0.773 meq/(L*min). This value for TWRC was not 
the one in appendix B data because the definition of 
TWRC was recently changed to the one in the 
Glossary. 
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Table Hl. - Sample IX pi1 lot plant operating data - Yuma Desalting Test Facili 

Ir-q-zz- __ I,‘, I-,,; L;,, 18 l&J/;;~<~ 7 J/ 7gl2 51.77 

DATE/TIME 

Flowrate (Urnin) 
KeSifl HelgnL [cm) 

I , (at end df rrode) I I61," 

17 R Durzrion (min) 

la L Temoerzture (OC) 

19 E Flowrate (e/min) 
Resin tielgnt cm) 

2o '2 (at end of moie) 

21 R .~ ~.- Duration (min) 

Temperature (OC) 

Flowrate (P./min) 
XSlrl tklgh: (CT 

-(at end of mode) 

Revised 10/24/78 

289 



Table HZ - Sample IX pilot plant titration data - Yuma Desalting Test 
uperator's 4itratlons 

YWA DESALTIfit TEST FACILITY 

1X PILOT PLAi4T TIT?.:;\TIOii OAT;. 



Table H3 - Sample chemical laboratory analyses - Yuma Desalting Test Facility 

TEST RUN NO. ANAL. DATEtiEx OF /O-23-38 CHECK 

10. Eln 

11. SiOz 

13. T-Alk 

14. P-Alk 

15. Sol.Alk 

16. TOC 
. 

l All Alkalinities as CaCOj 

w/l 

350, 34m. l 3tgo* 3540. -3640. 

7/15/7 

, 

, 

-- 
L 

3 

I 
7 

50 

> 

08rd 
t?-3-t5 

w/l 

h29. 

$230. 

.lS/bd 
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APPENDIX I - HOW DOES THIS CATION EXCHANGE SOFI’ENING PROCESS SUCCEED? 

Softening saline water by IX for desalting pre- activity coefficients of the individual cations in 
treatment and then using the desalting reject as solution and in the resin phase are assumed to 
the sole regenerant may not seem logically possible equal 1.0 and have been left out of this ap- 
to those unaquainted with some of the basic proximate relationship for mathematical simpli- 
physiochemical relationships of IX. On the basis city. Activity coefficients approach a value of 1 .O 
solely of mass balances between Na+ and Ca++, this in dilute solutions but are nearly impossible to 
IX-desalting process may seem reminiscent of a measure in the resin phase. Also, this equation 
perpetual motion machine because there is no does not account for mass transfer or kinetic 
supplemental input of chemicals to sustain the rates, and does not consider a finite bed size 
process. Even some of the Na+ is lost and unavail- wherein equilibrium concentrations vary with 
able for use as regenerant in the reject brine when depth intothe bedandthe bed isnotfullyexhaust- 
membrane desalting is used because rejection of ed. Yet this simplified equation is useful for 
Na+ bythe membrane is not total. Successful cyclic illustrating the general equilibrium behavior and 
operation is aided by- but not generally dependent driving forces for cation exchange softening. 
upon - regenerant recycling. Thefollowing simpli- 
fied basic IX expressions explain how the process Equation l-2 can be converted to an equivalent 
works for the case when regenerant is not recycled. fraction form: 
A later section in this appendix includes a mass 
balance of Nat in the process when regenerant is XTH 
recycled. 

r XT, 
(1 -  -Tt.J2 

= KTH/Na y- l 

(1 -Xn.fJ2 

(l-3) 

Simplified mathematical expressions for the cation 
exchange softening process [30] clarify the basic where: 
chemical thermodynamic driving forces at equi- 
librium. More rigorous equations are available 
elsewhere [31, 331, but the following equations 

Xr, = the fraction of tot% equivalents in solution 
which are Ca++plus Mg++The bar above again 

demonstrate the principle chemical mechanism of 
monovalent-divalent ion exchange. 

indicates the resin phase. The remaining 
cations are assumed to be Na+ so that X,, + 

Equilibrium Expressions 
X,, = 1. Over 90 percent of the cations in 
many brackish waters consist of Na’, Mg++, 
and Ca++, 

The process of cation exchange softening, removal 
of primarily Cat+ and Mg” from water and their 
replacement by an equivalent amount of Na+ is 
expressed by: 

TH++ + 2&+ 2 m++ + 2Na’ (I-1) 

C = the total equivalent concentration of cations 
in equivalents per liter of solution (not indi- 
vidual molar concentrations as in equation 
l-2). Note that C is proportional to the TDS 
concentration, and 

The TH” (total hardness) means Ca” plus Mg+? A F= the total cation exchange capacity of the resin 

bar above indicates an ion attached to the cation in equivalents per liter of resin. 

exchange resin or the resin phase and without a 
bar indicates the aqueous solution phase. The derivation of equation l-3 is not difficult and is 

contained in references 30,31, and 33. Reference 

The mass-action expression for this exchange at 31 contains a more exact approach for the ternary 

equilibrium on a microscale can be written: system of Ca+2, Mg+2 and Na+l. 

Several aspects of this IX process can be illustrated 
K TH/Na = 

TTH cia 
3 c 

(l-2) using equation l-3. The values of KTH,Na and C are 
Na TH primarily a property of the resin and relatively 

constant in the present case of fully ionized cation 
where C,, and CT, are the molar concentrations exchange. During softening, the resin is exhausted 
of reactant and products in moles per liter and with brackish feed water. The feed water at the 
K TH,Na is an average equilibrium constant. The YDTF had a C of about 0.05 meq/L. Equation l-3 
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indicates that a lower C favors greater absorption of 
TH’+ onto the resin phase from the solution and 
simultaneous desorption of Na++from the resin into 
the solution. During regeneration, the higher C of 
the regenerant (about 0.55 eq/L in 35 g/L fresh 
regenerant from 92-percent recovery desalting 
reject at the YDTF) accompanies greater exchange 
of the TH” in the resin for Na+ from solution. ln 
addition, since the desalting reject is concentrated, 
softened water, X,, for the reject is considerably 
lower than that for the unsoftened feed. This also 
drives the regeneration of the resin to the Na form, 
achieving a low X,,. 

The key point demonstrated using equation l-3 is 
that the higher total concentration C of the IX 
regenerant (desalting reject) as compared to the IX 
feed tends to favor absorption of the divalent 
cations during service or exhaustion, but tends to 
drive elution of the divalent cations from the resin 
during regeneration. This effect becomes more 
important with higher desalting recoveries because 
then there is a larger factor between values of Cfor 
the IX feed and regenerant. 

In an earlier Bureau of Reclamation report [lo], it 
was stated that it was unlikely that IX softening 
with reject brine regeneration could be carried out 
where the ratio of sodium to calcium equivalent 
concentrations in the IX feed was less than 1.8. 
Application of equation l-3 shows that such a 1.8 
ratio limitation to all water compositions and de- 
salting recoveries cannot be strictly adhered to. 
This is especially true when Na+ can be passed 
through the resin more than once through re- 
generant recycling. 

Conservation of Na’ Due to Regenerant Recycling 

A sodium to calcium ratio limitation almost com- 
pletely disappears when regenerant is recycled. 

Sodium accumulates and cycles within the IX 
desalting process in the regenerant recycling 
system and between the IX and desalting unit. This 
can be illustrated using the data for cycle 4.02.42. 
A mass balance of Na+ per cycle for cycle 4.04.42 is 
shown on figure l-l. In terms of this Na’ mass 
balance, it is seen that the process requires that 
there be sufficient Na+ in the partially softened feed 
(on average) to offset outputs of Na+ from the 
system in a cycle. The loss of Na+ in the rinse 
effluent and drain could be eliminated by further 
recycling this stream as in the recommended IX 
cycle (table 14). Because the loss of Na’ in the 
desalting product and in the spent regenerant are 
approximately proportional to the Na+ concen- 
trations in the system, these Na’ concentrations 
reach a level where the output of Na+ equals the 
input at steady state. (The concentration of Na’ in 
the desalted product is relatively high in this experi- 
mental example because of the primary purpose for 
which the ED was being operated, which was to 
produce reject brinefor IX regeneration ratherthan 
to produce a low TDS product water.) 

Thus, the rule of thumbsuggested by Haugseth and 
Beetelshees[l O]that theequivalencyratioof Na+to 
Ca++ should be greater than 1.8 to avoid the 
requirement for supplemental NaCl is not valid - 
particularly when regenerant recycling is accom- 
plished. Rather, the Na’ to Cat+ ratio is largely 
irrelevant, in this case, and other process variables 
and relationships dominate as just outlined. Hope- 
fully, further modeling in the future will better 
define these relations and the limitations posed by 
a feed water composition and desalting recovery. 
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Portwlly Softened Feed and Rinse 

57 kg + 0.1 kg 

25 kg 

‘Spent’ Regeneront to Waste 

17.4 kg 

-l 

b 

Used Regeneront 

CATION REGENERANT 

EXCHANGER RECYCLING 

t- 

DESALTING 1.5 kg I+ t 17.4 kg 

UNIT Softened IX Product Recycled Reqeneront 

I 
6.2 kg I I 0.9 kg + 1.1 kg 

Desalting ReJect-Fresh Reqenerant Rinse and Drain to Waste 

Figure Il. - Mass balance of Na’ during cycle 4.02.42. 
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Mission of the Bureau of Reclamation 

The Bureau of Reclamation of the U.S. Department of the Interior is 
responsible for the development and conservation of the Nation’s 
water resources in the Western United States. 

The Bureau’s original purpose “to provrae for the reclamation of arid 
and semiarid lands in the West” today covers a wide range of interre- 
lated functions. These include providing municipaland industrial water 
supplies; hydroelectric power generation; irrigation water for agricul- 
ture; water quality improvement; flood control; river navigation; river 
regulation and control; fish and wildlife enhancement; outdoor recrea- 
tion; and research on water-related design, construe tion, materials, 
atmospheric management, and wind and solar power. 

Bureau programs most frequently are the result of close cooperation 
with the U.S. Congress, other Federal agencies, States, local govern- 
men ts, academic institutions, water-user organizations, and other 
concerned groups. 

A free pamphlet is available from the Bureau entitled “Publications 
for Sale.” It describes some of the technical publications currently 
available, their cost, and how to order them. The pamphlet can be 
obtained upon request from the Bureau of Reclamation, Attn D-922, 
P 0 Box 25007, Denver Federal Center, Denver CO 80225-0007. 


